


WAY 


961 


PREFACE 


‘Yuk First Euition of thie book wa prepared to meet 
the requirements of Amateur Coil Makers desiring concise 
information respecting the construction and repair of 
Induction Coils. This included a description of batteries 
and other generators of electricity employed in working 
coils, and an account of such accessories to induction coils 
as are in general use by the medical profession in the 
application of elvetricity to the relief of pain, aud cure of 
disease, ‘These features have been retained in the present 
ition, Which has been enlarged by sa additional chapter 
giving special instructions for making 2 coil suitable to 
Rinigen ray work, or fornse in the science of Radiography, 
‘The field of usefulness for the induction coil has been 
greatly enlarged by its proved suitability to the production 
of X rays, together with its superior portability to plate 
machines and other apparatus similarly employed. An 
extension of its usefulness in another ditection is also 
promised with further development of the new system 
of wireless telegraphy, a application to this widened 
field could not be dealt with in the present volume, bot has 
had full consideration in Mr, Bottone’s tivo books on 
Radiography, and on Wireless Telegraply, both published at 
gs each by Whittaker & Co., London 
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INDUCTION COILS. 


CHAPTER I. 
INDUCTIVE THEORIES AND EXPERIMENTS, 


6 t. Derinenion oF INpucTiON,—What is induce 
tion?) What are Induction Coils? By common con 
sent this term is employed asa name for an apparatus 
Ginvewied by Mr, Mason, sind subsequently improved 
M, Kulwnkorf), cousiscing of a hobbin wound 

La short coll of tout wire, Over whieh is wound a 
sceonlary coil of very fine wire of many thousand 
turns, well insulated from each other, the whole fitted 
with a central core of iron, The name is not happily 
tshould have been iniluetive coils, sines the 

means "leading, persuasive, produce 

Jing,” and the use of these coils is to produce a high 
tetision elvcirie current fiom one having a Inw tension. 


‘The term Inducing Coils would have beer still more 
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conect, since inducing is part of the verb mnduce, a 
Word meaning "to influence; to persuade 
to impel;-to allure’ ‘Th: 
terms to ihe electri instFin 


will be seen as we pr 


to actuate 5 
porapriatcness of th 
cad in explaining the prin 

of action. ‘The 
the ‘other hand, comes from the 


of their construction, gid their mode 


word " induction, 


verb “induct,” which means "to introduce ; to bring, 
in; to put in possession ;" non 
induct 


ct exalt the 


which apply appro- 

or initietive coil 
Lastin 
indie 


priately to the action of the 
Some writ 
form of inductor As, however, the 
tion" as applied 


induced electricity, and induction 
coiloyt as a name for the instrument under consideration, 


see now well established, | shall continue using therm 
mtil more corvect terms have been agreed upon by 
Competent authorities. Mr. John T. Sprague 
Faduetion ax “the name given to effcts yronluced out 
side of the boly ex tat a cirenit to 
this is mot 

‘rhe wonderful influence exerted 
yon ial lying 
near to its path, is wot ch ed lye this, amthority. 
Perhaps it will be more clearly an if put to th 

reader in the following words, the same 
fiven to the attracting or repelling influence exerted by 
scurrent of elvetricity on all inaterial lying in and near 


defines 


hich the farce ie divectty. ayyplice 
very elese definition 
by a current of electri aul ma 1 and 
rly det 
stow 


Induction i: 


THEORY OF LYDUCTION. " 


This will be shown further on as we 
ain its theory 
vin oF 


path? 


Inpuction. 
apecting induction were based on the assum 
there existed two electricities, one positive art th 
negative, both of which were fluids. 

nas been abu 


arly theories re 
jon that 
her 
The Muid theory 
Joned by 


slectricians, becanse modern 


vcteation of electrical offwets has renlered the theory 
Nie lonser tenable. ‘Che other theory of two clectrici- 


hat is, two kinds of the same thing, such 
and negative 
female, is al 


ns pos 
anewering to the terms male and 
+ fast passing 
tricity 


Dut we use these terms more 


way. We still speate anit 
fas being positive and 

Jistinguish the 

of the current, than to 
arate anil different forms of 
the newest theories respecting in- 

duced currents of electricity a 
tion that all bodies 


ward oF forward movemen 
the existence of to Se 
based on the a 
2 Nui 

Te mmeof ether tis heen given, The electric ene 


sre envelopert tn to whieh 


i thvough a conductor, disturbs the 
these in 
wre maid to disturb the ether, which then transmits: the 
distur Whether this theory 
is be we cannot here let 

tine, but the fact remains that there is such a disturb: 
ance set up in bode 
these are especially ot 


rent, in pass 
arrangement of its component parts, and turn 
ince to contiguous bodies. 
‘ed on fact oF om fancy 
rear to electric conductors, ani 


wvable at the instant when the 





te *OTION COILS. 
current of electricity is interrupted, as when the electric 
Jc obncevgd effec! 


circuit broken, Th so to show that 


he interraption causes a iy or back-lash in 


the euirront, which is felt by: other bodies susceptible to 
ts iuiluence, and observed in them as a current flowing 
in an opposite direction to that of the inducing: current 
The inducing effects are 


nore strongly shown in cone 


ductors actitally in contact withthe inducing comductor 
through a thin, but perfectly insulating substance ; but 
they are also observed in conductors 
spare only from the induci 


show that either the 


parated by air 
conductor. This goes 10 


sir or some similar invisible con- 
mediuin transits the inducing effects of one 
thee 


HLLES OF INTUEHON—Before we proceed 


ducting 

conductor to a 
$3, PRIN 

fret 


snuluetor 


iv the stay of induction oF 
ofth 
action, These, when well under 


uus fn the construction of the evils 


1 inductivity, it 
will be advinnble ty noties a f 

werning it 

utile 


principles, facts, 

or lat 

stood, will 
Hereafter describ 
The vtuctor and the conductor 

ndinced must mun parallel, site by sieke, The 


they cares eneh other, and 
ition, ‘The bare 
conductors must not touch each other, but must be 
separated by an insalating medium, or so-call 
conductor of electricity. A list 
relative ¥ 


d non. 
these and their] 


slues is given in section 80, p. 221 


IT two cone 


dictors arein contact at any part of the circuit, or are 


insulficiontly insulated, they combine in forming on 


DPRINCHILES OF INDUCTION, 


conductor conveying the primary current in one direc 
there will be little or no 
The insulating 
iil yet as perfect as ean be obtained. 


tion only 
iniluctive 
should be as thin, 
‘The turns of th 
only be wound 


ani, consequently, 


effects observed. median 


‘onducting wires of a coil should not 
ularly side by side to get the best 
y Tic close to cach other, separated 
Snly: by the thin instlating medium, since cach turn 
F veighbour, and thi 
insulation and want ot 


effect, but shoutd al 


exerts an induecive influence on its 


influence is weakened by’ over 
contiguity. Tt will be seen further on, when we com 
ider the relative values 


best of these ar 


ff insulating mediums, that the 
conductors of electricity when the 
ire of the current is sulficieatly high to 
Therefore, in planning the 
of a coil, regard 

inyloyed in 


tension or pres 
overcome their resistance, 
insulation of the wires, and 
must be had to the tension of the curient 
current of hig 


ther part 


working it, for ifawe emplo 
on an imperfeetly insulated or t 
a view U 

current forced theo 


obtaining better cffucts from it, the extra 
1 will overcome the resist 
Wherever 
ltive effect ceases, beet 
ire unite to form 
inductive effects of 


ugh the € 


anew of the insvlation and break it down, 
this occurs ina coil, the ind 
all the imperfectly insulated turns of 
one large consluctor in which the 
the well insulated turns are ubsorbed 

The inductive eff 


Teast three manifestations. 1 


Fa current are observed by at 
When the insul 
ductor is wound a da mass of soft non- 
magnetic iron, the current of electricity: passing though 


Wed con- 
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this conductor induces magnetism in the iron, and con! 
verts it into a magnet whilst the current is passing. 
The effect h ted m only exists! 
whilst current is passing through the conductor, and | 
ceases when the current is Broken, 2. When the 

dloubl itself, or wound into 
2 spiral, or aiade into a ¢ 


re manil as magneti 


lated conductor is 

with or without a core of 
clfect of one tuen of wire onl 
sted at the 


electricity (culew the circuit 


oft iran, the inductive 
another 
other generator 0 


is mani riinals of the battery or! 


broken) | 


by a bright spark, which increases in brightness with 


ber of turns made by the wire. A similar 
ark bs observable at the terminals of a ssire wound oF 
Hel to the conductor in the main circa 

This effect is | 
only observed atthe instant of breaking contuct with the | 
or, in other words, on the instant of 

of the main circuit wire, 3. When a wire & 


‘hen 

hs a 

into along spa with 

ain! eh bared metal parts no the batter terminal ae 
cht 


ing sensation in the nerves 


hied in the naked and smoist hands of 3 
of the fingersat the instant when the circuit is broken, and 
also when contact is made again with the battery. This | 
manifestation of induction is also only momentary, but | 
can be repeated as often as contact is made or broken. | 


When a Jong coll of fine wire is wound on and over the | 


person, 
person will experien 


main coil, the tingling sensation ean be felt al 
f the coil when contact is made or 
the terminals of the frst ceil 


broken 


Library 


MAGNETIC EFFECTS OF INDUCTION. 5 


There are, therefore, three distinct manifestations of 
electric current induction, of the inductive effects of the 
wable, magnetic, the 

‘We will consider each, 


m by means of experiments before we 


electric current obs vie, the 
calorific, and the phy 
and prove t 
proceed further 
§ 4. Macneric Errners or Inpuction.—The dis- 
covery of these effects was made ty Hans Christian 
Oersted, a Danish philosopher 
sophy 
> Whilet occupying this position, he demonstrated 
the identity of the forces of magnetism, electricity, and 
galvanismn, In at treatise published on the subject, hi 
J that “there is always a magnetic circulation 
found the electric conductor, and the etectric current, 
in accondan 


who wasdoctor of philo: 
to the University of Copenhagen, in the year 


prow 
ih a certain law, always exercises deter 
an of the 
magnetic needle, even when it does not pass through, 
but near the needle.” He found that a 
was influenced so much b 


inined andl siinilar impressions on the direc 
jagnetic needle 
the current of electri 

through a conducting wire a: 


al position when brought ne 


to deviate from 
its us the wire, and place 
itself in a position transverse to the path of the current, 
When thi received 
close umd experiments 
were made which led to the discovery that a current of 
electricity through a wire not only influenced 
A magnetic needle brought near to the wire, but also 
exerted an inductive influence on another wire Taid 
paralle! to it, 


passin 


at discovery wa 


publish 


attention froin Froneh saws, 


Following these researches, Profes 





made another discov that 


9 a coil of insu arond | 


sted copper sire wae wound 
A bundle ofstect needles and 2 current of electeic 
cent through the eail, the needies became m 

+ contact with the battery 


became permanctt magnets. 


after break eral 
+ the 
soft iron 
the 
wh 
This part 


and. 
tim tvel needles 
When 
stecl_ needle 


magnetic effects were temporary, 


the current wae passiag through 


Faraday’ 


existing onl 
the coil 


‘pplication in the consteuction of ii | 
clliciency is t0 


efliciency of the 


duction coils, since their great 
fextent determined by the magnet 
fron employed in their cores. ‘Te 
have recourse t nple experiment 

1 Deocure a short bar of soft iron, 3b inches fn Fength | 
by inch indiameter, This must be of the best soft 


A by heating to redness in @ 


prove this, we will 
two or thr 


ell anne 
gradually cool with the hot ashes | 
Wind on this 3 long 


fire and allowed 


through a period of twelve b 
20 silk 
oun egulirly 


fide by 


spiral or helix of No. copper 
wire, with the foles 
iron will be found to be 
hot attract bits of iron wire 
the two ends of the enil to a batter 
“alle in series, and hold the iron core to the iron filings.) 
‘Thefilings will be attracted to the iron core, as to a 
© brofemor SP. T Avago and 
avy, in the year 1820. 
Nagretism," ps 386. 


side, ‘The 


non-magnetic, that is, it will 
iron filings, Connect 


of three oF four 


and 


stnues this discovery ‘| 
N'Bementary Lewons in Electrhity and} 


MAGNETIC EFFECTS OF INDUCTION. ” 


penmanene magnet, thus showing that the current of 


wire wound on the 
effect on the iron 


electricity circulating in the coll of 
sxerted an induc 


and converted it into a magnet, 


iron core has 


Disconnect one end 


of the wir 
fall from th 
its p 

of electri 
wound over the 
this 


coil from the battery, the Hilings will at once 


iron, thus showing that the iron has lost 


wer of attraction at the iastant when the current 
x thrinigh the coil of wire 
Measured in fractions of time, 
atic effect is not absolutely in 
iron manifest it reluct 
and also to give up magnetic effects, because ft takes 
time to fully magnetise a 
demagnetise it 
Tat 


ty ceased pass 


iece of iron and also to 
in Uh 
occupied in doing th 
instantaneous, 


2. Get a pic 


fut the charge of a 


etiam, ease of very soft iron, the tine 


is so small as to merit the term 


F hard-Iatmered iton of similar size, 
and wound in 4 siiilar mann 
Th 
sit part with the magneti 
of soft iron, The iron filings ane bits 
will be seen to stick to the bar after the 
deetricity hasbeen interrupted, This experiment proves 
the unsuitability of hari iron to form the core of a coll 
co the core of an clectro-m 


andl repeat the expert 


ment hurd iron is not st neulily: magnetised, nor 


ba I icon wire 


net, since its reluctance to 
nflvences will hinder 
If hard iton is used 
II be retained 


consequence, 


the efficient wor 
an electro magnet 
after the 


its magnetism 
cctric cizcuitis broken, and, as 
° 
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e released, If 
» cui, it toe 


the armature of the magnet will not 


ange 
otisesd as sift 08 


at receive at sullicien f anagguictisn since hard 
ion is not so readily va ine it doe 


riot part with its 
is broken. Fr 
therefore, the lnsluetive imaputh 


ays hevsenes it frequency 


and intensity 

3+ Substitute a har of hard steet in place of the bar of 
helis to a coarse file 
If the stet Tes Ince 


inn, connect one endl at the wir 
am! the other end to the hattery 
recently hardened, it will 

fand will nest attract noe Hoke row flings 


‘over the teeth of the 


Dprolsibly, be non-magneticy 


aN af the oppsite battery 
file and ths creent of electricity throngh 
: Each such 


rf ise in a series of jerky impulses. 
it Feduetive effect an the rolls 
io tea heh inthe helix, and gevualy te 
of a steine a mngndic potty. The effect of th 
Meehan le to overt th pee 
St, whic wil 
th tag caret 
ren ee bal, 
eines been employed in this experiment a bright 


the wite bi 
will exert an 
nd 


stec! bar into 
with the angnetisnn wher, 
as ceased! top 
hve st 


elect 
hate, tery of 
call he 
ca marke cach nteruplin of the event whist 
tr the tecth of the file, and) 
as the 


drawing the battery 
this spark will become brig 
tnagnetised, beeause its magnetic condition will 


cel become: 
he wire Ih 


ence on the ceils of sue 


so have an inductive 
= 1 


inductive in 


sounding the bat, and these witl 


caLoxinic REPECTS OF INpUCTI 6 


effect on each 
a fuither ¢ 


her. When thesteal has been magne 

periment ilustrtin 

may be performed. 
ls of @ 


ised 
its induetive influence 
Connect the enits of te 


wire helise 


Wot awn at Fig. $8,103, 
the helix and withelmw the magnetived steel, At the 
instunt of withshawing the steel, a current of electri 

will be induced in the coils of the | 


fection of the yslvanon f 


needle, and, an theust 
other impulsive 

1 coil in another diecetion, 

af im the co 
riachines, and in 

When the hard steel core 

iiagnetised, there will be litt 


the steel again into the helix, a 
sent thringh 
penperty hie 


current 
will be This 


magnetoadynanic dyniamo electric 
machines, has been fully 
oF no magnetic changes 
ive impulses of the current, 


ack the inluctive impulses 


in its condition under succ: 
and it will cease to give 


communicated by the interrupter. Because of this relue= 


ive up magnetism, it is unsuitable 
ais a core for an inductive coil 

As aun illustration of 
ie mentioned here that 
the 


ne correlation of energy, it may 

Jmilar inductive effects have 

pipes 

an alin named 
1875, 8 


een observed! inn 
high pr 


fF neighbourhued of 
ann 
mit the year 
hile 0 


Donati in or al sformed 
ints with a 


he claimed to have 


site experien steam pipe, ia which 
succesdil in magnetising an iron 
core by means of high pressure steam driven through the 


coils of pipe 


§5. Cavonivic Ervscrs oF LNpucrion.—Whilst 





performing the experiments mentioned in § 4, we shall 
have seen. some of the ca 
ity 


effects of induction, but 
I be advisable to repeut those experiments with a 
view to obtaining these eflects only. By calorific effects, 

those witich appear to the eye as tiery sparks, 
and results only obtainable by heat under ot 
ditions, the word calorific being taken in its g 
sense as meaning * heating, or making hot." Tf we take 
a battery of some three or four cells in series, connec 
Tong wire of copper to one of the terminal | 

‘he other end with 

at the wire, we shall a bluish spark, 
which will be red and fiery if we draw the end of the 
Wire along the milled elges of the terminal b 
serew. end the wire ina vig-ragg manner with the folds 
nearly touching each other, then 
the brightness of the spar 


a pencil or a ruler, with the col 


Lire: 


‘one end of | 
the battery, and touch the terminal at 
the end sbvet 
ning 
the diflerence in 
Next, wind the wire around 
to, but not j 
c experiment, ‘The 


close 
touching each other, and repeat th 
spark will be longer atid brighter, because each coil will | 
have an inductive effect ghbour, and thus 
inerease the tension or Now 
replace the pencil with sin ropeat! 
the experinent. The 
the length and brightness of th 
ductive effect of the 
is effect may 


om its a 
res 
tod 


of the current 
iron, and 
a perceptible increase in} 
spate, dite to the added | 
netisedd iron on the coils | 


v0 7 Jets explained: The baer 


received charge of electric encr 


CALORIFIC EFFECTS OF INDUCTION. a 


breaking the circuit 
current is sho 
nterest attending 


and the discharge of this extra 
in the form of a bright spark, The 
these experiments is increased by 
again using the file employed in the experiments men- 
tioned in § 4. ‘The sparks givenoff from the file may be 
@irceted against the naked hand without experiencing, 
any heat or painful sensation from their contact with the 
hand, but their calorific character can be easily demon- 
trated by holding a bit of cotton wool coated with 
fincly-powdered gunpowder or Iycopodium in their path, 

a few bits of gun-cotten around the ened of the 


These spiks are caused by the combusti 
pinticles of the conductor. 
a fil 


frets 


of small 
They are more bright from 
apiece of lass, because the current 
of carbon from the file, and these 
bum with more brilliance than particles of brass. We 
shall note that the calorie effeets of induction are only 
observed on disruption of the circuit, amd then only at 
the Hitherto, the 
the action of the 
inductive effects of 
The 
sy coil and core 
and the effects are produced by 
ing the flow of the 


kan fren 


(F small particle 


Points of disruption or contact 
iMhustrate 
cnirrent in the priinary cofl, and the 


the ewrent 


experiments have only 
on its coils and enclosed cure of iro 
same kivnl of netion goes on in the prim 
‘of an induction ¢¢ 
frequently interruy 


current, as by 
z the wire 


We 
a means for interrupting the flow of current, 
nd the act of interrupting this will eause the points of 
eotact to buen 


rawin over the teeth of a coarse fite. 


away. Hence it is necessary to have 
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hese pofats made of a material that ll tot be rentily | Galvani were caused by an ee ee 
Concumed hy the sparks, “This will be snore particularly 


ly } petween two dissimilar metals in contnet with exch 
cone Mer or, when we treat of the mcchiamicil | other, and in contact with the fe Since th 


ao ornopted to peovidean sutoumaiewersaplce Samos men Uave pel 8 ays ais itSet 
a ee eee ealorife eects of iutuction will cloxely investigated Ly sci, and a great advance 
cryabeaoen wien we exaunine more closely the action , fas beer mad 


has been 


in oar knowledge of the physiological 
of the spark induction cull effect 


Miestonouiear, Revrcrs OF INPUFTIVE 


electric currents; but much remains te be done 
fefore this can be said to be exalted to the rank of ant 
Ronerwerry.—The use_of this term covers all the exict science 


aeree tosis of cleetiity om animal thoues, bt 1% Animal owes are not gerd cote ture of eketeicity 


Here specially considered in ft relation vo the induetive | tn 4883 Dr W. Ut Stone published an account of some 
Mere the electric. current. These offic weit oxperimonte made to determine the resistance of the 


Probably the fist ever obmerved as evidences of current | human body to the passage of an electri current. Asa 


Fra ne icy a Galvani tothe sewvery of & | esutt of those experiments fe found What the ‘reraes 
sleet Seneratiyy an eect current) whi nowy yesitance of «ving a foun tk bs Hot Nos 
aa a aera He eae n galvanic baitery. AN] ty gag es, whilst eum Coot tote he resins oe 
Bare a axience are mene ols aeqpainte | from 1927 1geo obs Ln den man, He le 
Mraktance hom foot to foot to be 1,150 ohms. Professor 
Vtalian physiologist whilst experimcuting on Frog hha Thompwon has stated in evidence at an inquiry 


into the cause of death from an accident to a man 


‘vith one or more versions of the discovery b 


Whilst searching for evidences of aninl magnetistn 
Hreencity, be necklentaly iscwered that a current of eomning into contact with cleats Whe Mi that 
elects cng ruth the hae ofa frog canned en the average resistance ofthe bevy eusile $200) 
elect Pe eles and a Fftke: movement of the} 400 ohms.” Ale. 8. R. Botiove, lw is oh 
Hetoms. Like many other men why appronel a subject 
with predeterinines! 


Trovements to clectric currents generated) in the fe 


| Aitrise the aplication of ebstity the came 
fixed ideas, he attributed those: disease, states in a letter to me that “the dry hed has 

| ances sevitance of 5.070 cin to the syuare inch 
over pmajcnt esardvaby Velinand thon hate] af warace: at con mokene he reese s much 
cere stc, Ke Schall states that the resistance of th 
see a aye vanes Frm 700 tw 4,600 oli and sy 


e froin §0 to 10000 olimns, according to the sles of 


proved beyond dwt that animal tiswcs are aferiet by | 
The passage ofan electric current through thers, and the 
Tmseutar contractions of the frog's legs observed by 
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electiodes employed, Se., &e. It will thus be seen, 


even taking th 6 of resistance, that, unless 
urged at a very high pressure, 


Hawest estinna 
sity a fractional part of 
aan electric current can be sent through the hain teal 
It needs, however, 


demonsteate physinloysien in living animal 


tissues; how small has not yet been determined, oF is 
not well known 

Sensible effects—that is, effect 
diately felt by the sensation of pain or dliscomlort 
considerably in human bein 


experiments 


1G, whilst performing the 


mentioned) in the Gee proceding section 


the performer will graup the maked wire (whieh he uses 


to 
forefinger whilst eontact 


to make contact with the file) in such se mane a 
the 
is made with this finger and the wire together, ati 
sensation will be experienced in the finger every tinte | 
contact is broken, Thi 
of the extes i 
J the 
with the number of ells 
Ifa large bat! 
charge n 
the file 
large battery of 30 oF 
sufficient 
direct, without the 
ng 
sensitive 
urrent from such a buttery will 


have a part of it touching 


censation will he caused by the 4 


iced euerente throngh the 


intensiy’ af this sensation will ineroase 
Inled_ in series ti the hatte 

yy ofstrong cells is employed, the induced 
felt in both hands whilst resting one on 
and making con vith a 


acid cols, a 


ct with the other 
chronic 
volume of current can be sent through the body f 
of any coil, to cause a 
x sensation at the points of 


tact 
nersons, and also when the 


PUVSIOROGICAL REFRETS OF INDUCTION. +8 
tion which canuot be Lorne. 
the hands anid 


Dr. Stone found that when 
feet Were well soaked in brine, au the 
contact points of teadl oF zine were made very lerge say 
fiom 50 to 169 square inche 

sp 
the current from 10 cells 
experiments performed by Dr, Tombinsand Mr, Hottone, 
they found that a 32-volt was distinctly felt 
when a square inch electrode was hel 1 one hand and 
the 


thus sent through his part of the body was measured 


of surface), even the current 
ned of, whilst in other 
felt 


from threo cells was ses 


was hardly In some 
sarrent 


her placed on the nape oF the neck The eurrent 
and fount vo be 3 

of an 
current of 
the 


When a properly:made induction coil is in action, the 


2 milliampéres, or, in other words, 
. her words, 


vt ampere. This shows that a very stall 


Jcetricity may be felt by hui 
POF a tinglin 


n beingsin 
cor stinging sensation, 
sensation experienced by touching the two termi 

parts of the body at 
the same time, is that of a painful thmb oF sho 


fof the secondary coil with any 


those coils are sometimes named shocking coils. Tt 
not safe to take shocks from larye-spark induction coils 
take a sh 


Itis 


time, and it is. danger 
ick Irom even a small coil 
in my pro 


for some persans to 


nee to open up a diseu 

effectsof 
f disease, 
fone, but it di 


these pages on the application of physiologic 
ctricity to the relief and cure 

interest 
an_ experienced, 


inductive © 
The subject i 
careful treatment by 
practitioner, since 
tol applic 


conscientious 
nich harm inay be dane by a wrong 


jon of this potent remedial and curative ayent. 





CHAPTER I | 
riow TO CON 


UCT INTENSITY OF SPARK COILS. 


$7. Tue Baers oF INressery Cons —Induction 

coila, to give sparks at the terssinals of their socanda 

$, and ; re nude for medical 

snd mined * mestical ceils cl 

Of the following parts: 1 base, or} 

‘af the coil beating the coil itself and all its| 

Neept the battery. 2. ‘The bobbin, or seal] 
Of the coil, on which the wire ts 

the be 
foring th 


wires, anid coils which 


. ane constr 
purpose 

The stam), or 
pedestal 
the bobbin, 4. The prigmary 

ic 

il of wire! 
or coil, in 
The 


mary enil, through the 
wite ve 5 


primary current passes, 5, ‘The secondary ¢ 


wntside of the primary wire, 
induced. 6. 


wvound onthe 
the 
automatic break, oF 


which the secondary cunrent 
inter 
ment for interrupting the current passing, through th 
pwimary coil, 7. ‘Terminal bess #6 


vs oF yilkars for 
To 
aubled, for spark coils alone, a compact 
condenser," to absorb 


nds of the primary aud secondary wires, 


these may h 


mass of tinfoil sheets named 


‘THR MASE, STAND OR PEDESTAL OF A COIL, 1% 


and cond: 


1 the extra earvent induced in the primacy 


a regulator or commutator to regulace or 
change the tensiow and 
a medical coil, ‘These parts will now be separately 
mentioned and described. 

$8. THE Base, STAND, OR PEDESTAL OF a Cott.— 
This must be of wood, ebonite, vuleunite, or simih 
non-conducting 5 Te may 
of polish 


ectio of the currents in 


tance, made of ghss or 


1 marble or slate, Metal will be altogether 


unsuitable, because it will absorb inte itself part of the 


inductive effects of thy 
The me 


mahogany, oF 0 


current, Wood is general 


wed ars 


witable words are walnut, te 


or any other elase-ygrained and tough 
a high polish when finished, 
The 


determined 


wool expable 
The d: 
shape of the base 
Vy the siz 


of receiviny 
‘ker woods look best when nicely polished, 
and also its size, must b 
ancl shape of the coi to be placed! on it 
nd also 


ny other appliances it may have to In 


Pur 


addition to the cell 


finary spark induction 





os purcrioN COILS. 


in goneral use is reetangaar, that 4, 

The 

rer yse for stall medical evils, “The Wrase sural be) 
ameter of the 

Jnle the length of the 

1 for the automatic 

Ihe terminal pillars, It shold either 


ecils the shap: 


shaped as shown at Figs arms fran, is ted 


fully 14 inches wider than the u oil, if 


this is 4 inches or over, an 
chil to provide room at cach ¢ 
interrupter 


stand on four ture 


Daenamental knobs at the earners 
i hutlow base, The litt 


for be made fn the form of 


then all wire connections can Y 


J the hase int 


is preferred, ecantse 
brought down thiny 
where they are hicklen from sig 
board is put on 

Such a bas 


the hollow part 


when the botton 


‘and fastened with tong thin bras 


sero \ abusing, the eanneetions beneath) 
The base is intended for a spelt 


in the form of a shallow 


is shown at Fig. 2 If 
oil, it should be made 


low beneath the coil be ocenpicd bY 


THR RRL OR RORRIN OF TIE COM. * 


condenser, Medical coils as 


Futed with drawers, c 


also mounted on boxes 
taining the electrodes and other 
Tn some forms of the medical coil, a box 
Teneath the'eoil contains the battery to work it, and 
the coil és mounted! on the lid of this box. 
contained in one compartment 
box whilst the hattery is placed in another part of the 

ines 1 ona broad table 
furnished with dial, electric bells, commutator, switche 
studs, and brass handles. Some makers affect the 
the coil an its 


In other 


forms, the cvil of a 


box, Street shi sls are fix 


“al style of induction coil, fixin 
fend vertically on a pedestal of wood, which may 
be round, octagonal, 
rhe 


Fuld be nicely plant, sinoothed ard 
fore the evil and its accesories are mounted 


potished 
to. THe 

cemls of this may b 

sinsilar substance 


marble, or state 


REEL Oo Rot oF THE Comt.—The 
of wood, ebonite, vulcanite, or any 
y be made of shed 
Te must not be of metal, as this will 
The ends are 


ind of wood as the base 


Irm ass, 


alsory the inductive effet 
usally 
of the coil 


of the call 
we of the xame 
They may be round, square, octagon 
igs. 3 to 8, as fancy may dete! 

‘nine. Their form will in no way alfect the working 
Of the coil. The diameter of the reel ends must be 
determined by th 
for thes: 


shaped as shown at 


size of the coil, Some dimensions 
The 
determined 


1e quantity of wire to be 


re qiven in the table of coils in § 21, 
‘of a bobbin for a coil must be 
by its intended use and 





# inpuciies 


strong paper, such as cartridge paper, we 
thin glue, until a tube inch in thickness has b 
formed, thon set aside to dry and harden, The wood 
dises for the bobbin ends must now have holes tured 
fit the end 
holes may be 


in their centres to exactly 
tube just formed, 


of the pape 

cut with 4 
centre biti the discs are for small eats. They shoul] 
not be cut clean through of the same size, but a narroy 
and thin shoulder should be left near the outer edge d 
tach, and against this the edges of the tube 
when the ends are fitted on the tube. A thin rin 
Should be cut off the endy of the tube with a shag 
Knife to ensure the elges of the tube fitting, true wi 

in the bobbi the 

be fitted on the tube, set quite true and parallel to eac 
other, and secured there with some freshly prepare 
frond hot glue, leaving the wooden former in the tub 
ntl the glue i set. When the glue has! sot and th 
tube is hard enongh, the whole showid be well soaks 
in hot mistted pa 

A well-made tube 
wax, is the best vet 
bobbin. bodies of small induct 
been employed, but this i Hiable to split and wary 
whilst being heated 
ant may 
brittle with 


will res 


the shoulder ends. ‘The ends m 


*y to ensuire perfeet insulatior 


JF payer, well soaked in parafin 


material discovered for the 


Gutta-percha has been 
said to have had its day, as it becorney 
then eracks aml bee 


nid to 


disintegration, and to be easily pierced by 


sparks when employed in spark coils, ‘The primary} 


TW REBL OR BORBIN OF THE COIL. a 


wire of a small coil should not be separated trom the 
core by a greater thickness of materia! than is needed 
to make a sufficiently steong bobbin body for the coil 
and this body should be a good insulator. ‘The thick- 
ness of the tube sides must be adapted to the size of 
the coil. In very small coils to give from 4 inch to 
}inch spark, the sides need only be & inch in thick 
ness, This should be increased to} inch for to 


3 inch coils, and a farther increase up to } 


inch is 
cial attention to the 
visable in very large spark coils 
since there isa liability on the part of the secondar, 
coil to send sparks from its end tums right through the 
tube to the primary, ifthe tube is in any way imperfect 
the tube thicker at the ends, to 
3 against this danger 
If thin shest ebonite is employed mn mak 
of the bobbin, be 1 in the 
manger. ‘Take the measure of the core in the form of 
short ruler of smacthly polished wood. 
of thin si snite just wide enough to go aroun 
the ruler, warm this before a fre until soft en: 
Bend smeothly around the ruler, then hold it firmly and 
secure the Now ent another 
shect cbonite just wide enough to go around 
« the first was treated, then close the 
joint with melted shellac on the oppasite side to the first 
joint, In this way any thickness of tube may be built. * 


advisable for larger coils. Sp 
thickness of tube is ai 


Some makers make 
gu 
g the body 
worl: 


it may fallowing 


Cut a piece 
gh 
joint with melted shellac 


piece of 
the first, treat it 


* Eboniteb tales, an to 


vs of eban 


fon wih ends male Wo actew on th 
for the divisions ate tale Uy ptufessonal wussery iu 
> 








If the bobbin is to be used in constructing a medica 
coil, the bony should be formed on the regulating tube 
at of on a wenden ruler, one thickness ot 


‘on the brass tbe before} 


‘of bass inst 

paper 
fueming the b 
hvough the by 


sonped cing 
ly on it, ast 


without I 


tube should lip, freely] 
tub p freely 


g tho much pley, 0] 


a wider airspace than 
andl core of the evi 

Pio. Ture COKE OE THE CON—The ox 
1 andl § will have prepared us to uss a] 
fon in constructing a coil, We 

fobtain inductive effects without a ¢ 
will be much inereased an 
The core may be af solid 


vay between the primary 


detailed in 88 
core of soft nay 

tout these effect 
imensified by the use of an, 
will be inferior to 


bun 


at this} 
amas wf ft ion wires bound i 
ait manifest & reluctance} 
The best 

io the req 


because slid ran 
ta give up a magnetic charg 
quaterlal fer the bone af a coil, b 
suitable Henggth 


The wire Trade gf the best sft fron well 


t, or IF hard wet 
= must be| 


annealed. Uf net qjaite soft wine 


eaight, the bundle of 
atlowed to cool down 

ars whilst buried in hot ashes, “T 
arrres for the core should be all cut to equal length of 
about from § to 4 inch longer Teng 
as Wo have an inch uo: 


whilst being, mae 
male red hot and 


through several i 


han the exten 
fof the coil bobbin s 
teuding at one end of 
attracting the armature 


quite 
the coil, to form 2 pole piece (or 

of the break hammer, and each] 
picce of wire must be quite straight 


Poel 


run CORB OF THE COIL. # 


‘A most convenient method for making a round bundle 


of these wires is as Tiere directed. Mrocure a sinpoth 
ass, having 
and a 
his tube 


fron, a diameter equal to. 


to that of 


4 coil 


that of the 
the evil 


rexuir gt equal 
closely 
If the eure is 


be sliding weer t 


patie, 
with the straightened iron wires, 
for a mevlival coil with a brass 
to regulate the tersion of the 
use this tube as a 
When th 
of binding wire around the protruding, 
tend, and yet it nicely rounded, When this has been 
nents in a sat 

sulphate, to coat the wires with 
then for a few moments into a saturated 


it ill 


nduvcedl Current 


be advisable to jeceptucls 


wires of the 60 tube is quite fall of wires, 
wind 3 foo 1ieW 
done, dip the ends for a few m rated 
solution of copper 
metallic copper 
sulution of zine chloride 
ui), then give a more 
ater, jst longs enenggh to sok 


(lciMledt spitits or 
Inale 


ering, 
{melted 
we ends 
ir with a 
wines way mow be with 
ally feom the tube, whilst som 
‘rive fx wound around the biindle to Keep the wires in 
their plices. ‘The opposite endl may’ nov be dipped in 
the coppering solution and solfeved, thew the 
parafin, If 
der may be omitted, 
oft cotton 


tary diy in 

all aN 
rpether, the suxplus solder being w 
easy cg. ‘The handle « 


dhe gt twine oF 


whole 
bundle must be well seakeat in bot melte 
the core is for a apark coil, the 
ane the wh 

cor with tay withdrawn 
from the tube, ‘This binding must be laid on smoothly, 
as it will form the body on which the primary will be 


bundle of wires bound with 
from end to end, as itis bei 





ra txpuerion colts 


Wound if used for a sinall evil, and will not Le disturbed 
een sealed in the parati 
tof the coil bobbin 
direct on this covering of the core 
advanced in §3 will here come 
fore must be well iasulated (ard there is 
insulator than paraffin wax for the 
‘oust 101 The instlating covering 
of the core o be as thinand yet as perfect 
ne possible, for tnuch of the magnetic imduetive effect 
thick coatin 
be smooth on the outsile, 
tiabe of the by 
enclose air, 
energy 


air space between the co 


(rer the core hh 
to for 


the pape 

a the body 

principles 
Ve 


into practice, 
purpose), but it 
ft therefe 


will be absorbed in he einating snust 
49 ay ty fit 
iy fitting 


inly inte th 


phin body, since b sets will 


mid this is a bad conductor oF inductive 
Ta amedical coil it fs desirable to Inve a thin 
e and the inner surface of the 
n which the regulator works), but, in 
oil, every fraction of inductive energy must be 
inde 
ofa 
the whole tube (vith the core 
the para‘in, but, if this method is 
will be a little difficulty experienced jn 
winding the coil, unless in of coil winder be 
Employed. If the core is thus bull 
ound with wire before soaking it with psa 
wires are hard annealing, they 


coil bobbin 
sparle 
inilised to inerease the tensiun of carrent int the 
tive circuit, ée., in the secon 
spark coil may 
the body of the 
enclosed) ronk 


ty coil, ‘The core 
be built up in the yuaper tal 
ad 
in 
adopted, there 
special 
it need not be 
IF te 
nuist nat be 
but must be 
Slosely vound,as withdrawn from the tube, with fine 


and nied 


Moldered at the ends adr bound with twine 


| 


* around the end of th 


rue con® OF THE COT. 7 


soft iron binding wire. After the bundle has been 
aled, the ends snay be soldered and then soaked in 
paraffin wane a 


When the bu 


directed above. 
has been thor 
mented with the melted wax, it should be set on end 
to drain off the surplus and get hard. ‘The soldered 
tials may wow be capped, to give them a neat appear. 
IF they are not they are pajnted with 
varnish for the same pur 
re must be 


Ne of wires ighly per 


soldere 
sealing Some makers 
Lin 
Le thi 
1p well anneal 
The ends of 


enclose the ps 
solid-lookkiny 
taken to have the 


trading & 
pole piece is done, 
before fixing it on 


the core, the cores for medical coils 


Fro. Core for medical eo expred with bras. 


where a separate magnot i used for the break, may 
wih be eared with brass, a brass socket being sweated 
petto the soklered end of the core at one end, as shown 
ot frig. 9. The flanges of this socket will 
dene from being pulled out when the re 
withdrawn, When 

with a regulator, they may be fixed at one end into 
the body of the coil bobbin in the follossing manner>— 
Teaher size the hole in the bobbin end small enough 
toewsetly ft the end of the core, and fixe this ja the 
seal with some good hot glue, or glue a strip of paper 
coil until it fits the body of the 
bobbin, and thus secure It It is 


prevent the 


slator is being 


‘cores are built fora medical coil 


firmly with glue. 





s inpucriow cores. 


advisable to place the core in the regulator, and put 

Fe also into the body of the bobbin (interposing a few 
turns of greased cotton between theend of the regulator 
tubs and the ghicd end, to keep them from sticking 
together), and ‘thus insure the core being placed in a 
Central position, where it must be allowed to set firm 
before the tube is withdrawn, In some roils the core 
Hteclf is made to be withdrawn from the tube, and thes 
form & regulator 

f 11, PARARFIN.—AS: this insulating subst 
most important one to the coil maker, and will be fre 
Gquently mentioned in subsequent sections, as it has in 
Previous mes, a few" words reapecting, its composition 
will not be ont 
reserublinge white 


phee here. Paralfin is a substance 
x (te. beeswax. bletehed wh 
Colour and ygeneral appearance, It differs Fro 

Grae in being hander aud free from flavour and 

Even when it is buming, the odour from it does wot 
resemble that of heeswa, nor is it that of parallin oil, 
for offiat, ft hax semblance te stetting, but 
UViffers fee this substance in being free fron its tallowey 
odour, and having a eh 

best samples (and th 
for coil) paratlin ig whiter, denser, and harder than 


rain than stenting, Inthe 
Shunid only: be used ses tnsttor 
stearine, A thin cake of paraffin fs slightly: sonorous 
hon struck, and i less brittle than white wax or 
Rearing, Iti named paratin wax in this and othe 
vores wherein it ix recommended as_an insulator, 
bocmes there iga tendency in the public mine to con 
found the diections for using this with preconceived 


PARAFFIN. 3” 


iene respecting paraffin as an oil, the only form of 
paraffin generally known. Tt has also been named 
Tolid paraffin to distinguish it from paraffin ol As there 
sre some ten different substances known to chemists 
5 paraffins, the public m 
twe of thest in their ideas, Parafin wax is so-called 
because of its resemblance to white wax, but the most 
conect name is pareffit. It is a hydro-carbon, obtained 
as a by-product in the distillation of coal and rock oil, 
Tt will readily melt over an ordinary fire, but shoul 
not be placed ina ve 


be excused for mixing 


fn direct contact with the 
flame, as this will be Hable to fire the paraffin, and thus 
cause an unpleasant smoky odour. It should therefore 
be heated on a steam or water bath, as glue is heated. 
A most convenient method for amateur coll makers is 
here described :—Make a tripnd—ie., a three-legied 
frame—out of some stout iron wire (i inch i diameter) 


tostand over asmall spirit Iamp. On this place a Gn 


baking dish containing boiling water, and in this stand 
another sallow dish containing the paraffin in shreds 

tthe Inmp to keep the witter hot 
and ina short time the parafin will mett to au oily 


iquid, In this the core or wire may be immersed, and 
the whole kept hot for any length of time 
ofburning the paraffin Coa sare best coated 
with paralfin by first making the roqpired length into a 
hank of a size suitable for immersion in the vessel <o 


paraffin Fine wires must be rn 
fh the hat wax, and this may be done by running 
the wire under a brass pulley held in the bottom of the 





INDUCTION COILS, 
fa metal hook, soldered to a plate of sheet lead. 
in dish is nse to melt the paraffin in, this hook 
may be soldered to the bottom of the dish. The wire 
may be male to pass uncer two such pulleys thus 
fixed in the bottom of the dish, Fine wires should be 
run off abobbin revolving on an iron wire, held over 
the vessel, under the pulleys, and on te another bebbin 
fixed on a revolving spindle-over the other end of the 
versel.® This is done to avoid abrasion of the wire 
covering by scraring the edges of the vessel. The 
spindle may be revolved! with a small winch handle, or 
by means of a pivce of bent iron wire, if a proper wind 
ing machine is not available be guided 
fon by hand, passing it through a scrap of rag held 
between the finger and thumb of the left hand. ‘The 
hhot parafin will son set and coal, when it will peel of 
the fingers without soiling them, as it is not r 
ily or greasy, although it has this appearance, 

the wire has passed through the hot yaraffin, the bobbin 
containing it may be put ina warm oven, when the wax, 


{vill soak well into the silk covering and complete the 


insulation. Paraffin may be melted in an oven instead 
of in a water bath, but this is not so convenient a 
method as that just recomnented. 

§ 12. THe PRIMARY WIRE. OF THY Cont. —This,as its 
name implies, is the first wire wound on the core of the 
coil ;it forms the wire of the first coil,and gives its name 
tothe primary current from the coil. The wire employed 
should be of the best annealed copper, well coated with 

in eh out through the 





THLE PRIMARY WIRE OF THE COit- “ 


Cotton-covered wire may be employed, but 

n be obtained, 
since cotton is an inferior insulator to sill, the fibre 1s 
coarser, anil the coating is thicker 
es influetice evil makers, and 


should not be used if silk-covered wire 


Considerations for 

se will some 

ead thein to select cotton-covered stire for the primar 
erence in price between sill: and cotton 
from Nos, 16 to 20, only amounts to 
and this slight difference should not 

influence t 

coil, ‘The inductive effects of the current are increased 
by the number of turns of wire we can get in a certain 
space, and more turns of sill-covered wire can be got 


er who wislies to make a good spark 


fon core than of cotton-covered wire 
In making medica) coils, where a high tension 
current is not desired, and the primary is intended to 
be used together with the secondary wires, a smaller 
wire than No, 20 may be employei!, and here the price 
Will rise to double that of cotton-covered wine. As 
larger quantities of this finer wire ere used for the 
primary of a medical coil, it may be desir 
jweition of cost comer in, to employ cotton: 
The size of wire selected for the primary wire 
coil 15 determined by:—1. The effects desired from 
the coil; and, 2, the intended sizeof the coil. If the 
coil is intended to be used a5 a spark coil, to give long 
fnd thick sparks at the ends of the secondary wires, 
fa fall volume of current must travérse the curns of the 
primary wire, and this can only be carried by a large 
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wire, Tut, if the wire is too thick, it will be very 


stiff even Frvell annealed, and we st 
wind it close to the core, 2 
lose power throug loose winclin 


Ml not b 


of the sparle will Le influenced by the muyguctic: inten 
sity of the core, and this will be increased by 
number of turns of wire we ean get in close y 
tothe core, [f we use a short, thick wire 

tunis, the magnetic influence will be Tess than when 
using a smaller wie 1 


same sjnce, the magnetisn of the cure beings proper 
tioned ta the ampire turns we can get around the € 
ina given space 

a wont or two of explanation, [fone ampere of current 
be sent through one ten of wire wound on an iron 
core, a certain a! 1 to speak, will 
be formed in the iron, If we wind another tur of 


This tenn *ampire turns” requires 


sunt of magnetism 


wire aromnd the core, and still send ¢ ampire though 


F tof anaguetion in the eve 


oran effect equsil to that obtained from 2 ampéres sent 
through one turn af wire, Now, providing akvays 
that the same volune of current is’ forced through the 
wire, we shall increase the magnetisin of the core to t 


value of 1 ampére more for cach turn of wire we get 


fon the core, Thus, © ampire 0 turnsof 
wire will develop 10 ampire values of magnetism, and 
100 turns of wire will develop 100 ampére values iu the 

But the mia value of the turns of wire 


decreases with their distance from the core when the 





THE PRIMARY WIRE OF THE COtt a 


total thickness of the coiled wire reaches three times the 
diameter of the core, This thickness, however, is not 
reached in the primary of an induction coil for giving 
sparks, because other considerations, based on experi 
tence, forbid an inerease of tums beyond some four or 
iss layers of wire. These ate, principally, the inductive 
effcets of the thes of wire on each other, known at the 
© selFinduetion of the primary coil.” It has been shown 
that a current of electricity passing throush a wire 
lying parallel to another, induces in that wire another 
current prssing in the opposite direetion, This inductive 
offvet is alway’ present in the primary: oF an induction 
oil, and hinders the charging process of thecurrent ; for, 
all wires, acting ae conduetors of electricity, take time 
quantity of time is 
to Bill, so to speak, the 
primary wire with current, and an equal lengsth of time 
is taken to discharge the current. ‘This time is extended 
with the length oF wire employed in the primary, but 


to charge them, An appreciab 


required to completely charge 


eattuot he fulfilled in a long coil, because the magnetic 


action of the core ur of the eleetro-magaet employed in 
the automatic internipter, interfer ta interrupt the 
current before the wire is fully charsed. There is, 
therefore, no advs in having a very long primary, 
wire unless a very slow movement of the automatic 
interrupter can be insured, since the back inductive 
current hinders the charging of the coil, and the result 
Ix shown in short, thin sparks at th 


secondary. These back effe 


terminals of the 


absorbed in a properly-constructed condenser, as shown 





INDUCTION COILS, 


not whelly provided for in a condenser, | 


however well constricted, The lengths and sises of 
lhe most suitable 


Table on Dien 


primary wires found by experience 
for small spark coils are given in thy 
sions of Spark Coils, § 21 

$13. Winpint: THE Prunny Cou.—This may be 
regarded as a simple mech 
any large amount of skill. 
first examined closely wo detect Mavs in th 


These, when 


al process, not requiring 
The pritnary wire should be 
insulated 
covering discovered, mast be repaired 
with a theead of soft silk di 
wound around the defective spot 
wire should then be maile into a 
in melted paraffin until the insulated cove 
meated with the wax, then the coil lifted out of the 
vessel and hung above it'to drain off the suplus wa. 
‘The coil of wire may then be wound back ona woode 
bin from whi 
bobbin’ of the coil, or may be wound dire 
bobbin to form from a 
apparatus for holding the wire, ‘The best appar 
for holding an open coil or hank of wire whilst it 
is being transferred to a bobbin, is the swift in use 
among wire-drawe This is made 
of a disc of wood fret in. in diameter, as may 
A hole 


din melted paraffin, and 
The whole lenjsth of 
oil or hank, funmersed 
sper 


1 it will eun when winding it on the 
on the 


the primary coil, ssitable 


and wire-workers, 
gin. tod 
be required, and from } in. to 1 ia. in thickness 


is bored in the centee, and bushed with a bit 
und a number of 
# in, holes are drilled, as shown at Fig. 10, to receive 


the rods of some tough wood on which the hanks of 


or of iron tube to fit an iron spind 
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wie will ft, ‘The apparatus will revolve on an iron 
Spike driven into a bench, a stout collar or washer being 
placed on the spike beneath the swift to keep it up off 
the bench, as shown in section at Fig. 11. ‘The next 
est thing to this is a heavy stoneware bottle without 
snips, filled with water, the hank being placed over 
the bottle aad the wire ran off as a spiral over the top. 


Hefore wining the primary wire, it will be advisable 


slips of paper soaleed in paraffin, to 
thus insure the 
Select a 


to prepare a few 
place between the layers of wire, an 


perfect insulation of one layer (rom another. 


white paper, free from flaws 
‘wide enough to cover the whole 


tongh but thin 
Cut this into st 
layer of wire, and long enough to go t 
Ind the coil. Place the strpisin a staltow 
2 plate, with shavings of paraffin between the layers 
sett put the whole in a moderately heated oven until 
The wae has melted and soaked into the paper, ‘Then 
femave the paper, one sheet at a time, whilst hot, 
Tiftinye up each shect by the corner with & 
(made of a strip of tin bent double, if moti 


sh, or on 





is at hand), and hang cach strip on a line of stout twine 
to drain and dry. ‘This will only occupy a few minutes, 

Mount the bobbin, for the coil, in a lathe or om a coil 
winder, and get it to run quite wwe Dore a hole 
(obliquely theenygh one of the bobbin ends from 


down close te the bexly 


ye inside | 
large enough to pass an end of 
the primary wire. Pass al inches of the wire 
cout through this hole, wind the protruding end around y 
pencil to forma helix, andl sectre the wire firnily it th 
hole with a dup of sealinge was, 
busdy of the 5 


Wind the wiee on the 


fiensly and regularly, exch turn 
close to another as a veel of eat 
opposite end is reachexd tripe of prepared 
paraffined paper on the coil and envelop. the 
already wound with one or two laye 
then wind on another layer of wire 


in the sane bobbin end, but opposite 


ie went, atid thy 
Now ky a 
sof the paper, 
bore another hole 
to the first hole, 
cut off the wire so as to have about ¥ in, 
this through the hole 
of sealing wax, then 
end. These 
flying aby 

When the 
through the base-board, and 
terminal pillar in connectic 

thor tothe 


free, pass 
draw it tight, secure it witha drop. 
pake it into a helix Tike the frst 
of wire will prevent the ends fiom 
t whilst the seconchary wire is being wound, 


is finished, these ends will pass down 


ne connected, one to the 


with the battery, and the 
of the breake spring or the spring of the 
Ficotome, as it is named hy some makers ‘The outside 
of the primary coil may now be basted with hot yaraffin 
and made quite smooth by running it around under the 


fingers, It must then be covered with three or four 
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fers of paraffined paper well basted with hot paraffin 
and smoothed 

This should be done for all enils, even the smallest. A 
few more layers of paper nay be put on for larger coils, 
must be taken to avoid over-insulation by 
much insulating material between the 


and secondary In large coil 


down ready for the secondary wir 


but care 
having too 
primary 

attention mast be paid to the quality of the paper 


wires special 


which must be quite free from any: flaws or pinholes, 


These may be detect 
As the tension of the induced current will 
be highest at the ends of the bobbin, we may 
parts an extra layer or two of paper to 


J by hoiding the paper up te a 
stronyy light. 

xe these 
frengthen the 
In making ver 


insulation at these art large spark 


coils to give sparks from 6 in, upward, where the 
coil bobbin and ends a 

to have the tube 
se ath th 
hen wound over the core, previou! 

and both fitted into the body 
il after the secondar See 


makers of coils employ 


of the 


cbonite, it is ad 
bin body: lar 
uit the primary evil 


enough to ene 
The primary: wire iy 
fitted with ebont 
of the 
instructions in § 38. Some 


dang 
coil is wound 
boeswiae: instead of an insulator of Use 
wid 


paraffin wins 


primary, aturate the insulating folds of paper, 


but thi an inferior insulat 
fable to an acid renction which in time 
sill and the wire, Others make a mistui 
and blacks resin for the 


to praratin, and 
will injure the 

of beeswax 
is first 
old pot, then the becswax is added until 


ame purpose. The re 


the mixture is deemed to be sufficiently liquid, when it 
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is applied to the 


whilst the cul is kept slowly 


eu wire, hot, with an fron spoor 

valving. Others prefer 
shellac Inequer or varnish laid on the coils after they are 
wound, and on the insulating layers of paper. Another 
insulating substance used for the sume purpose is a 
varnish made of sealing wax dissolved in warm methy: 
fated spirit The uisture of resin 
been highly Iaeded, Lut it is much inferior to parafiin 
a8 an instlator, and iy Hable to crack in cooling. Beth 


beeswax has 


this ond the yarnihes mentioned, possess, im common, 
the serious defect of cementing the cuits of wire togetly 
and thus rendering the wite useless should any future 
repairs be necessary 

§ 14, Tue Seconpaey Wit or tHe Cou.—This, 
as its name implies, is the second call of wire wound on. 
the core, over the primury wiee of the instrument. In 
spark colla it is entirely soysarate from the primary wie 
y any way to the first coil. “The 
vil (that és, the electric current 


fects yroxluced in thi 


generated in it) are therefore purely inductive, being 


induced by the cwrent cirwulating ia the primary 


coil. ‘The induced current generated inthis coil, 
ivcction to that of Uh 

ind current in the primary coil, Tt will also 
momentary existence in one direction, 

whea the circuit of the primary coil is made, and 
an even less transient existesce in the opposite 


will pass In an upposie 
have only 
Girection when this circuit is broken. The induced 


current has, therefore, a see-saw alternating movement 
backward and forward whilst the flow of current in the 


+ of the instrument. 
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primary circuit is being interrupted. Its whole action, 
and the effects obtained from it, are dependent upon 
the perfection of the interrupting apparatus. The volume 
current induced in the secondary wire of a spark coil 
always small, and is governed by the size of wire 
employed. Tne t 
than that of the ind 


jon of the current is always higner 

cenrrent, or that of the induced 
werned by the 
length of wire employed, together with the number of 
turns wound over the primary wire. The length of the 
spark obtainable from the terminal of the secondary 
wire of a spark coil is largely determined by the length 
of wire employed In the secondary coil, This, in itself, 
does not wholly determine the Tength of spark, which 


current in the primary cil, and is 


fs also controlled by the condenser, and also the “break 
The length of sparkis also influenced 
by the insulation of the coil, and the skill employed in 
winding the wire, If the wire is budly insulated, there 
will only he a short spark, or no spark at all, since the 
tension of the induced current will be absorbed in the 
wire, instead of being conveyed to the terminals. Or, 
in another way, the steess of the change will be 
ihutedd among several conductors instead of being 
yncentrated in If the wire is over-insulated with 
too muck insulating material between the coils and the 
layers of wite, the tums of wire will be far apart, aud 
will only feebly influence each other: they will also be 
widely separated from the most intense field of inductive 
influcnce, and space will be taken up with insulating 
material which ought to be occupied with wie, The 
z 
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result will be a shorter spark tha that for which the 
Coit wae built. ‘The rule followed by amntear coll 
trakers isto allow a mile of No, 36 silk-covered copper 
Sor exchinch of spark desired from the evil. Some 
tesults of actual experience are given in tabular form 
in 2, and from this twill be seen that it fa 
than 1 mile of No, 36 BW G copper wire to give an 
inch spark from a moderate si 
Tif miller of No. 36 to gi 
to prove that the inductive influence of current tension | 
decreases with the distance of the wire turns from the | 
Core of the coil, Although the extra turns of wie on | 
fhe catside of the coil do inerease the tension of the | 
Proportion aa the tune of wire earer the core, ut, | 
the rule holds good, that, to obtain a long thin spark 
ftom a coll, we must employ 2 long thin wire in the 
secondary coil 


coil, and more than 
6 in, spark, ‘This goes 


they do not increas 
all other circumstances being 


potential of the induced eareent at the 
terminals of the s 

the following rule given by Dr. RM 
total cle 


from 
urguson.* The 
foree of the coil is the saine of that 
1 the tuens in it, iv the same way that the electro: 
motive force of the battery is proportionate to the 
rer of cells” If, therefore, we ean find the voltage 
Of the current flowing through the primary wire of a 
Coil, and the number of turns made by the secondar 
wire, then multiply the tums of wire by the 


dary coil may be ealculal 


oltage & 


+ vsBleatsiciy.” By Dr Re M. Fagunons Pps 077% 





Prov 


He 


or 
Ais 
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5 MLE of the current, we shall get as a total the E MF 
of the current at the terminals of the secondary. By 
the sane rule also, we can plan a coil to 
dclermined length of spark at the terminals iv 
fon 50,000 volts as being necessary to give a 1 in. 
spark i In all these calculations, however, due 
regard must be had to the build and conformation of the 
coil, the capacity of the condenser, and the insulation of 
the wire. 

The volume of spark obt 
verned by 
To obta’ 


bie from a call, is go- 
1d in the secondary coil. 
a large bushy spark, we must use a large 
Fa long, but bushy spar is desired, a greater 
enytth of the coarser wire must be used than of the 
finer wire, For instance, if in using t Ib, of No. 36 for 
a secondary wire we get a] in. spark, 

get a bushy 


he size of wire ws 


Fk of a simil 
fo wind on 1§ Ibs or more of No. 34 wire to form the 
secondary coil 

§ 15. DEFECES IN FIN 
wines. 
of a spark coil 


K-COrENED COPPER 


The wire employed in winding the secondary 


‘must be sade of the best high conduc- 
tivity copper, well annealed, well insulated with @ 
covering of silk, and of con 

throughout from end v. end of the 
employed, If the wire is made of inferior metal, it 
W it is 
(4, and this defect will be shown by its 
Muffwess aml springy behaviour when wound around the 
uller a great resistance to the eur 


muvus conductivity, 
length of wire 
will offer a geeat residtance to the current, 


Suyger, it will 
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reel, of spool on which it has to be wound, and solder 
it to the metal spindle on which the spool is mounted 
Or fit a brass cylinder on the spindle with the spool, 
and solder the wire end to this, or clip the end ina 
Screw clip on the cylinder. A brass spring must ne 
be fied to press on the spindle or the cylinder, and this 
spring must be connected to the terminal of a tolerably 
sensitive galvanometer. ‘The wire in its passage fr 
tne spool to another must also pass over a brass rod o 
foller running on a metal spindle mounted on metal 
bearings connected in circuit with a battery and the 
galvanometer, The wire should bear with some weight 
c good contact, but ot enough 
to abrade the sille covering. A bare spat will annouyee 
itself at once, as it will close the circuit and cause 0 
defection of the galvanometer needle, Every knot 
should be tested, and the continuity of the wire at cach 
ienot be similarly tested. If the needle of the galvano- 
meter does not move when a bired part 


the wire is 
fn contact with the brass rod, we may expect a break 
fra bad Knot, and must turn back until it has been 
found, A battery of several very small cells should be 
provided for testing, and only one used at the start, vhe 
Fumber of cells in circuit being increased with the 
Tength of wire wound on th ing spool, By adding 
tall to cell in series we shall get the force necessary to 
Send current through the higher resistance of a long, 
Tength of fine wire 

Tig, Winning THE Seconpany Cott.—The wire 
selected for the secondary coil, having been examined 
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and tested as directed in acetions 15 and 16,then coated 


With paraffin as directo in section 11, we may now 
Mnake arrangements for winding it on the primary to 
form the coil, ‘The surface of the primary coi! must be 
frst examined and smoothed if the secondary wire is 
te be wound on this direct, ‘The same preeaution must 
be observed if the wire is to be wound on a separate 
bobbin, as the body of this must also be quite smooth. 
We shall also need a large number of thin paper strips 
paraffined as directed for the primary in section 13. 
Very thin and very tough paper should be selected for 
this purpose, as the insulation between the layers of 
wire must be as thin and as perfect as possibl 
Mmine each strip for flaws and pinholes by holding it 
up to @ strong light, and reject all that show the least 
flaw or pinhole 

The secondary wire must be wound in the same 
direction as the primaty wire. A fine hole should be 
pierced through the bobbin end through which th 
Pammencing end of the primary passes, and about 
8 ia, of the commencing end of the secondary passed 
Sut through this hole. ‘The piece of wise thus pasced 
sit should now be wound around a smatl pencil to form 
e helix, oF spiral curl, and the wire secured in the hole 
by a tovch of hot sealing-wax. The reel containing 
the fie wire should be placed on a spindle runsing in 
fenrings on a pair of standards placed about 2 (t, to 
the left of the coll winder 
attached to a Icad weight should hang over the spindle 
to act asa brake and thus prevent the fine wire from 


A pivee of stout twine 
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over-ranning and forming kinks. Wind on the wire 
carefully, guiding it on with each turn close to the last 
in regular turns as ar A little 
Knack or skill of the left hand, acquired by practice, is 
necessary be The pro- 
cose is facilitated if the operator will keep his guiding 
hand at a few inches’ distance from the coil and allow 
the wire to guide his hand as it touches the turn 
already wound, When the first layer ison, warm one of 
the strips of paraffined paper and smoothly cover the layer 
of wire with one or two layers of paper 


of cotton is wound, 


fe this can he properly done 


‘The paper 
should be slightl soasto form a 
flange on exch side and thus insure a Uicker insulation 
these parts where insulation is most needed. ‘This 
will also be improved if some h can be basted 
on the last few turns of wire, Each layer of wire must 
be this wound and insulated, 
The 
should be brought out through a fine hole in the 
opposite bobbin end to that which holds thecommencing 
tend of the wire, and coiled into a helix to keep it from 
injury whilst other parts of the instrument are receiving 
attention. These coi I be then straightened, 
and attached to the terminal pillars of the discharger 
Whilst winding 
special atte 
rawar tight. 


y wider than the bobbin 


t paraffin 


and in this way the 


secondary coil is formed, Finish end of the wire 


ends 
the secondary, pay 
If these f 


wire of enarls 
1m, do not wind them on the 
coil, but carefully straighten them out by turning the 
Joop back, Do not pull it straight. A kink: thus taken 


out will cause a hard spot-in the wire, having a high 


| 
| 
| 
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resistance, ard, in attempting to pull the kink straight, 
‘wire may be ruptured. It is preferable to have a 
rd kink ina coil, With 
proper care, however, the formation of kinks may be 
avoided.” 
{18 A Cot. Wisper—A coil may be wound in a 
lathe if the operator as attained some skill in winding, 
Dt the tyro aud amateur may find 
Winding regularly 
lathe 


soldered joint instead of ah 


some difliculty in 
on a lathe, or he may 
‘A wheal, like the 
ancesteal mothers, may be employed to tor the 
spindle, if sich wheel is attainable, Failing this, either 
of the following arrangements will do equally well, if 
not better, in the hands of 
easily made out of a few waste materials. 
If the primary is wound on a se 


have a 
old-fashioned pining wheel 


an amateur, aud ean be 

Me bobbin apart 

from the core, and this i to be placed in the coil after 
if the secondary is ta be wou 

the fo 

the purpose of a evil 


winding it, of ona 


separate bobbin, pwing, arrangement will serve 


winder, Procure two stout iron 
Dyackets—L shape—tall enough to suit the diameter of 
the coil. Drill ty holes in the foot of each, for screws 
to hold the brackets firmly on and a in 
Wole in each near the top, to form bearings for 
pindle, Mak: 


out of af im. 


a bench, 


a spindle and winch Inndle combined, 


cconteally on thi the esi bobbin, 
und acrew the brackets dawn to a bench at the same 


nary of a lane srk cul fo give sparks of over 0 
snus he #0 


vd ina epectal eanner a8 described in sttion 37. 
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Jistance apart as the length of the bobbin and the 
thickness of two thin washers or collars, Fit the two 
corks of bungs in the ends of the bobbin tube, place 
the bobbin between the brackets with one of the collars 
ear the winch handle end of the spindle, pass the 
spindle through the bearing hols of one bracket, then 
through the plugs in the bobtin, through the collar at 
the other end, and through the bearing hole in the other 
bracket. This arrangement is shor 

diagram, Fig, 


the sectional 
“The bobbin may now be revolved by 


Mg 
Fis, 1a.—Sectonal diagean of eol-wisdet 
the winch handle and the wie wound on. The collars 
onthe ends are intended to insure free rotary motion of 
the bobbin and to prevent end shake, as this will 
jerfere with accurate wind! 
If the primary is wound direct on the ct 
forms the body of the bobbin, another method must be 
adopted to revolve it, Two brackets should then be 
Employed at each end, and placed from 1 in. to 1h in 
part £0 to form long bearings, to prevent wobbling 


of the wire 


TE INTRRRUPTER,VIRBATOR, BREAKOR RUEOTOMESD 


the foot of one bracket being turned in the opposite 
Yirection to that of the other bracket. Two discs of 
Tard wood rust now be procured, one of which must 
be fitted with a short spindle to go In one of the 
is, and the other with a spindle ending in a 
“The brackets und dises should now be 
placed at a sufficient distance apart to allow the coll 
in to be fited tightly between them, and then fixed 
iw this position by three short screws passing through 
‘cach disc into the ends of the bobbin, Care must be 
taken to have the bobbin run true, and end shake is 
prevented by collars placed ouside the discs, | These 
Peugh contrivances may make way for more finished 
the skill and 
ecans of the coll maker will allow of it being done, 
fro, THe INTERRUPTER, VINRATOR, BREAK, OR 
Riiorowe.—The little mechani ment for 
automatically interrupting the flow of current in the 
primary coil is called by one of these names, It is 
primed an interrupter because it interrupts the even 
Mawvof the current, It is qamed a vibrator because the 
Spring vibraics rapidly to and fro. as contact is made 
wed token between the platinum-tipped screw and the 
Spring Tt is named a break because it serves to bres 
the continuity of the carrent in the primary circuit. | BY: 
voekem of medical coils it has been maimed a rheotome, 
word made up of two Greek words—rhees 2 current, 
snl remno T cut. Ut is made in different forms, each 
suitable to the instrument for which it is designed, or to 
uit the fancy of the coil maker, The best forms ere 


productions, made on similar lines, 
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thore actuated by electromagnetism, which may be 


the magnetism of the core, as shown in Figs. 13, 
either the magnetic energy of the core or that of 


and 14 

In this form there are six essential parts, viz, the 
hammer, contact spring, bracket for spring, regulator, 
pillar, and contact screw. ‘The shape, size, and disposi 
tion of these parts vary with the size of coil and its 
designed use, ‘The ham 
mer-head, Fig. 16, may 
be merely a slice cat 
off from a bar of soft 
annealed iron with a 
hack-saw and filed to 
take off the rough edges, 
. Some makers round the 








pane of the hammer, 
and others give it a 
ened form. “Two small 
hiiles shonld then be 
dhillal and tapped in 
one of the fices as 





shown, to take two small 
screws fastening — the 
head to ite spring as 
shown at Fig. 17. The 
hammerhead should have 
a diameter equal to. ‘Weak Syving snd Hanmer, 





that of the core, and a thickness proportioned to 
the length of the core, ranging from ¢ in, up to 2i 
for the largest. It should not be cut with a cold 
chisel nor hammered, as this tends to harden the 


f@ separate electro-magnet. For 
medical coils, the break is mad 
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iron. The contact spring may be of spring brass or ot 
German silver, ranging in length from 1} to 6 or more 
inches, and in width from § up to 4 inch to suit the size 
cf coil for which it is to be used. The spring for a 
spark coil should extend beyond the hammer to 


length of 1 in, of more. ‘The hammer-head is there: 


fore fastened to the spring opposite the end of the core, 
and about one-third dawn from the top of the spring, as 


shown at Fig. 13. The contact is made near the top of 
the spring. By this arrangement, the part ofthe spring 
to which the hammer is fastened, is made to bulge 
toward the core before contact is broken at the top, and 
this allows the core to be fully magoctised before 
contact is broken, As a result, the spark from the 
secondary coil is longer and fuller than when contact is 
made close behind the hammer, and the spark at the 
break is reduced in length. “‘Thespring for the rheotome 
of a medical coil should be short, the contact made 
below rather than above the hammer, and all the 
so arranged ay to make and break contact very rapidly 
Many persons suppose the current from a call ty be 
beneficial to the nerves when the break works with a 
jerky movement so as to cause violent contraction and 
muscles, This is a popular e:ror, the 
ite being the truth, When the break of a medical 
coil works smoothly and rapidly, and the patient does 
not feel any violent jerks, ten, and only then, is the 
current being properly applied, as far as the working 
Figs 14 and 17 
mple spring and hammer for a medical coil 


parts of the apparatus are concerned 
show a 
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when the break is worked by the magnetism of the core. 
Fig. 40 shows the form of a spring and hammer for the 

wrate type of rheotome actuated by an electro-mmagnet 
outside the coil, A speck of platinum must be soldered 
to the point of contact at the back of the spring, or 

iny rivet of platinum, having a broad head, must 
be put into the spring at the point of contact. As 
platinum is the most infusible and aon-corrodible of 
all metals, it is to the corroding 
action of the electric spark passing between the 
two poims of contact in the rheolome of a coil 


ast susceptibl 


8, —Coniaet Screw for Leak 


‘The spriag is sometimes secured to a pillar by a 
screw, at when the spring is held in a horizontal 
position. or it is let into the foot of a bracket 

soldered as shown at D, Fig. 13, or it is secured to the 
foot of the bracket by screws as shown at Fig, 17, In 
both spark and medical coils it is most important to 
have a regulator to adjust the distance of the hammer 
from the face of the clectro-magnet. ‘This is effected 
spring bya set screw in the bracket, as, 
shown at Fig. 17. This screw must fit tightly in the 
bracket. In the horizontal forms this means of regu- 


in the ver 


‘the ping is eld out as an stm (rom a contct pillar atthe side 
each calls” This sa very good wrangerent, 
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lating the play of the spring is omitted, the spring being 
bent to give it an upward tendency which is kept down 
in its proper position by the contact screw, 


contact 
a milled head, as shown at 
Fig. 18, A emall hole is drilled in the end of th 


screw to take a tiny end of platinum wire which is 


ie, 19— Wen ith 
Lose No. Fic. 23, 
‘Telegraph Paver 


Titles fr Reed. Pua a 
Fic. 33.-indiog Seve, 
‘ilar Binding Sem 


fitted and sweated into the hole sind allowed to project 


Yr its This screw is held in position 
+ contact spot on the sp 


shown at Fig. 19, or a brass bi 


opposite the 
by «brass pillar made ns 

as shown at Fig. 20, 
A slot is cut in the top of the pillar after the hole for 


FIXING THE COll. ON ITS RASR. os 


the screw is drilled and tapped, and this is intersected 
by a hole carrying a brass set screw, 
contact screw and keep it from ja 
is not adopted, the serew she 
lock nut, shown at Fig. 2r, 
fitted to all brackets and pillars, and this t 
be long enough to pass through the base board of the 
coil and be held beneath by a small nut shown at 


Lightly clasp the 
ing loose. If this 
id be fitted with a 
A screwed tang should be 


























fitted, all wire connections ean be 
rniade beneath the b 
at and collar 


d_and be secured, with 

‘These are the more simple forms of 

Others will be noticed in the newt chapter, 
attenti 


theotomes. 

when coil accessories will ree 

§ 20, FIXING THE Coll ON ITs Bas&—This may 

be done by means of brass screws passing up through 

the base into the bobbin ends, Or, whe a round end 
Y 





Ss. 


ha groove cut init has been employed, ax shown 
Fig. 8, the ends of the coil ar : 


Strapped down sith two 
icces of catgut passing 


through holes in the bast 
board and knotted beneath. After the coil has bea 
xed, the rheotome may be put in position, 


binding se ap 


ews fixed, and the connecting wires of the 
Primary, together with their branches, led to theie 


assigned positions, as shown in plan at Figs 2 and 16 


$21, DUtENsions ror Swatd. § 
OR SNALL SPARK Cons— 
‘The following resuits of mi 


fave been kindly 
tone, Wallington, Surrey, 
rode 4 A sual coils, 1 
dimensions in tabular foram 


supplied me by Mr. $2 R. Bot 
tun will nerve as 
have arranged 

TANLE OF DIMENSIONS FOR SMALL SPARK COILS, 


CHAPTER U1 


$22, A LIST OF ACCESSOKIYS TO COULS—A cell 
made as directed 


cturent is supplied 


the preceding chapter, will, when 
it, work, and. give results ot the 
tehninals of the secondary wire, ‘There are, however, 
several accessories which will increase the efliciency of a 
coil, most of which are necessary toa successful applica 
tion of the induced current, ‘The accessories to a spark 
coil are, a condenser to take the exira charge of the core 
and primary wire, and a discharger to direct the dis- 
charge of sparks from the terminals of the sceondary 
coil, The azcessories toa metical enil are man; 
the most necessary are, a commtitator to. cha 
direction of the current in the primary coil, a regulator 
to regulate the maynetic intensity of the core, separate 
rheotome, a pair of conducting cords, a pair of in 
changeable handles for the various rheophores, and a set 
of rhcuphores or suitably formed conductors for applying 
the current To these may be added, a milliampire 
meter for measuring the strength of the current, and a 
theostat or set of resistance oils to regulate its strength, 





“ Invenio cots. 


§ 23. Tie, CuNDENSEK OF A CoIL 
that a spark coil is of little use with 
As the efficiency of thes 
condenser being provided! to each, 1 


attention to detailed instrcti 


will devote a litt 
condenser for a spark coil is made of sheets of tinfoil 


asguita percha, varnished paper, or partie 
paper, We shall therefore : i 


substane 


Hinfoil, obtainable from dealers in electrical i 


[ prefer paraffincd paper to all other insul: ie 


oe yg sub- 


and the paper selected. for th 1 
: ed for this purpose should 
bea tough thin paper of elose texture, fee from ths, 
cracks, and piuholes. In Mz, Hottone’s excellent little 
book on “Electrical Instrument Making 
he student is directed to 


Amateurs, 
bain at 
ain at any photographic 
ome sheets of pli paper (not salted or alburme 
nised) known as Papice Rive. Th 

x 13 in, 


2in that each sheet if cut i half len 
wis dim dive aero, will ive ik shet 
Im Dyers. book on * Intensiiy Cai 
thin and not too hewily size 


Paper nearly resembling bank 


paper is 
note pr 
if thie, the foreign letter oF not 
' F rote papper, of gen 


quality, wade by the Co.eperstive Paper Manufacturers 


at Angouléme, in France (Laroche-Joubert & Co.)..will 


form a good substitute, The selected paper for the 
condenser must now be cut into sheets two inches longer 
and wider than the sheets of tinfoil used in the von- 


denser—that 1s to say, there must be a clear margin ob 








THE CONDENSER OF A CO) 


one inch of paper all around the edges of each sheet of 
Unfit, ‘The size of the tinfoil sheets to suit as a 
veh coil will be seen on referring to th 

Sof coils inf 21, We stall need 


mlenser for 
table of dimen 
about halfaa-dozen more 
sheets of tinfoil 

Tach sticet must be eb 
and faws, by holding it mp Tetween the ¢ 


rig light, and all defective sheets must 


heets of paper than we have 
Jy examined for pinholes 

and a 
rejected. 
The selected sheets should then be laid smoothly in 
a tin bakingedish, oF 
porcelain dish, and some thin 
A few lump: 
and the whole put in a sloy 


3 photographer's shallow whi 
pavings of paratin placed 
fon each leaf. f paradfin may’ now be 
placed on the top teat 

vepoderatcly heated oven, in which the paraffin will 
This will then become 
part Ins been 
The dish should 


aturate the paper 
Nemi-transparent throughout, if every 
thoroughly soaked in the hot wax 

ow be taken out of the oven, and each sheet lifted cut 


Seqarately by ome endl with a pair of forecps, held over 
The ulish to drain off the surplas was, then Inid om a 
sheet of glass to set hard. If the room is cool, the 


Tard at once, even whilst passing it fron 


paper will 
the dish te the plas, 

‘he tinfoil for the coridenser shoul be cut into sal! 
of which and the size being given i 


sheets, the numb 
for, Two different methods of buildi 
are alopted, and the sheets should be eu 
Tn one, the ends of the tinfoil are 
In the othe 


to suit the 


nethod selected. 
made to overlap the sheets of paper, 





INDUCTION Coit. 


strips of tinfoil are ent for the purpose of overlapping 
the ends, If this method is adopted, an equal numberof 
strips of tinfoil, 3 in. < tin,, mast be cut to the number 
of tinfoil sheets employed. ‘Two pieces of hard wood, 
such as mahogany or walnut, must now be procured, cut 

he size of the paper sheets and smoothly planed 
in tu a thinness of £ in, then varnished on both 
sidles, Sheets of thin ebonite or vulcanite may be used 
for the purpose if so desired. 


do 


In the condensers of 
cheap coils, the covers are made of thick cardboard, If 
hardwoed cannot be procured, pine or common deal 
may be employed. These pices of wood will enclose 
the paraffined paper and tinfoil between them, as betwaen, 
the covers of a book. Lay one of these covers on a 
table or bench, then place two sheets of the paraffived: 
paper on it, one overlapping the end of the board 1 in, 
to the right and her 1 in, to the left, On the 
centre of this (s0 as to leave a margin of 1 in, all around 

infoil} place @ sheet of tinfoil, and on this, to the 
ight, place one of the marrow strips of tinfoil so as to 
have 2 in. of the strip resting on the sheet, and 1 in. 
projecting over the end as shown at in F Over 
this place one sheet of paraffined paper with the edges 
square with the sheet below, then place another sheet of 
tinfoil and strip of the same as at first, but projecting at 
the left of opposite end to the one below, then another 
sheet of prepared paper, and so on, building up a pile of 


alternate sheets of paper and tinfoil with str 


is pron 
jecting alternately Ieft and right until the last sheet of 
tinfoil has been laid, On the top of this last lay wo 
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cheets of prepared paper, one with its end overlapping, 
the pile 1 in, to the left, and the other overlapping the 
pile t in, to the right, When the pile is finished, these 
Sverlapping ends will turn down over the ends of the 
projecting strips of tinfoil on each side ‘The pile being, 
Complete, place the other cover board on the top; on 
this place a heavy plate of iron,and apply pressure by 
adding weights of other means, until the whole pile has 
bea pressed down thin and sinooth, If an iron plate 
has been laid on the bench, or the condenser has been 
en: two iron plates, the pressure may 

increased to half a ton, and the efficiency of the pile 


ins 26-—lHow to Inia Condenser, 


increased thereby. The whole compressed pile should 


now be tightly wound with strong tape or with webbin 


to bind the whole firmly together, as shown at Fig. 26 
tnd the end of the tape stitched to prevent it from 
Gnwinding, ‘This done, the projecting stips of foil 
Should now be gathered into a buuch on cach side, and 
soldered to a stvall piece of shect b 

In the middle ol the baneh, for convenience in attaching 
a connecting binding serew, _In the cheap French coils 
now in the market, a strip of tinfoil is pinched tightly 
batween the everlapping ends of the condenser strips, 


+ copper placed 





USE OF 1HE CONDENSER. ” 


the others, [consider all inferior to parallined paper 
1 Ifthe exactnumber of tinfoil sheets for the condenser of 
acail has not been previously found and stated in a plan 
of a coil, wemust find the number by actual experiment, 
building up the condenser, sheet by sheet, and trying it 
with the coil for which it is intended until the best ef 


and this alone is employed to connect the conden 
with the foot ofbreak spring and pillar, : 
The condenser for a snvali coil # 


sometimes: made up 
of long strips of tinfoil y 


oF itil crerhipeing the emis stemaely tind 

: I ip Gor the yrsepy have boon obits: * ‘ oe 
with paraffin, and ironed smooth al : 
sheet of biting paper 


Tn building th the contact points of the break, and a long spark from 
the terininals of the secondary coil. When the maxi 
ium tenth of spark has been found, there will be 10 
ite permeated | ateantage in adding more ahests of infil, Consist 
may be made by means of temporary brass clamp: 

nti the full number of sheets have been fourd 
1. Use. OF ‘TIE CONDENSER —The condenser 
when finished, is placed in arceess made for it in the 
otlow base of the coil, One end af the condenser is 
nected by means of a length of silk-eoveredt No, 20 
rire with the foot of the break-pillar, and the other end 
hy. similar means with the foot of the break spring, 8 
own at Fig. 13. It would therefore form at loop or 
Sranchof the primary circuit." If the pillar and bracket 


Use two sheets of prejured 


paper to each sheet of tinfoil, There should also be 


four oF five shect «das a foundation 


for the pile, and an eu number to finish th 
7 niver to finish the pile, ball 
of each being allowed to overlap sutlic ; 


ends of the pile when this has been compre has been furnished with serewed tangs, nuts, and collars, 


nt to cover the 


ne coilinnkers enyshay sh connection with them can be easily made beneath the 
yrlay: shouts of gutta pereha lissue 
coil base, and if dhe ends of the condenser strips have 


been soldered to terminal plates of brass oF of copper, 
these ean be easily connected, by means of brass 


inaulators between the tinfuil. ‘This is bad, by 


itis so liable to erac and be pierced with sparks ae i 
ecomex dey with ed age, Sane inttate the paper 
wrth beeswax, others with a resin cumpost 
others with. sielle varnish made 

fhetite disiolved to atx oun 


binding screws, with the connecting wires. Constracted 
thus, the condenser can be casily taken out for repa 
at any time, and replaced when repaired, with 





with one ounce of 
sof methylated spirits 


Although this taut is preferable to sume of + Lhe deel of tnfll were not insuated, 








n dnpUucriox coms, 


recourse being bal to the tedious processes of so 

and unsoldering the connections, sty 
be elowcly packed with piece 
other suit 


“The condenser shoull 
of paper, eotton worl, ot 
packing, to prevent it from shaking about 
and receiving injury from being taken le 

ome coll-makers employ strips of cork to fill up the 
nce belween the niles and ends of the condenser and 
the sides and ends of th 


recepiae 
placed, 


in which it is 
ns io ces of eho 
the bottom board of the con- 
denser box down tight on these, and thus wedge the 
pack firmly between the top e 
The best packio 


Others simply’ plac: 
the condenser and screv 


ora bottoe of the bom 
Indirect nt stn the tng ae 


and Isid along on buth wou 
firmly in the how. 


of the condenser, 


to wedge the pack 


The use of a condenser is as a store for the extra 
current induced in the primary by its own coils of wire 
acting on each other, by the mag 
and by the back indictive influes 
coil. These inflwences all tend ¢ 
current in th 


1 of the core, 
of the secondary 
primary coil, rushing bac 
contrary diretion ta that of the 
immeiliately the e 


Er aee ch te ary car ananemCy on eae 
platinum on the contact spring. When a properly 


made consenser of sullicient capacity is used, this 
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extra etrrrent rushes ito the condenser and charges ft 
Leyden jar ischarged. When 
Contact is made again, the condenser discharges itself 


with electricity much 


find the line of discharge is then in the same direction 
ae that of the primary current. As a consequence, th 
trimary current from the battery is assisted by the 
Change. from the condenser, and the influence of this 
auxiliary is seen in an increased length of spark from 
the terminals of the secondary coil, and a deercased 
spark at the contact points of the rieoteme 
F 25. TH, DISCHAKGER oF A Spark Cott.—When 
small sparks coil ig about to be built for lighting gos 
jets, or for illuminating vacuum tubes.it is not necessiry 
to provide a separate piece of apparatus to regulate the 
Uscharge of the spark, ‘The two ends of the secondary 
wire are brought out to two binding posts or connect 
Nerews fixed in the bobbin ends or in the base of the 
Soil, and the connecting wires are led from these to 
connecting studs on the 
Tut, if a 
hinee spark cail ia employed for deflagration experi 
parks have to be directed on to or 
‘we must have some means of 


the gas burners or to th 


Fevolving apparatus of the vacuum tube 


ments, and th 
tHhroiggh a substanc 
diccting the discharge, sume ay 
Can direct the stream of sparks without running the rite 
Of receiving a sbock from the coil, ‘This is effected by 
the use of two metal rods held in ebonite handles of 
vinilae insulating subsianees, and supported on insulated 
"A pair of such rods, suitably mounted, is 
An easily constructed discharger 


stay with whieh we 


pillaes 
nated a discharger 





of simple form is shown at Vig.27. This consists of + 

two insulated pill te 
lengths 

of fin ss foot 


$ made out of two equal 
Jnss rod or tube, cemented hte a be 
sccket and topped with two bras: 
T-piee 


gas tube joints or 
A pair of brass rods 
made out of brass tube and fitted to slide casily in the 
horizontal part of the brass T, will serve as discharger 
holders when furnished with handles made of hard 
baked wood or of ebonite. 


cemented to the glace 


The ends 0 
plugged with a brass plu 
in a platinum tipped point The 


the brass tube 
should each be terminating 


cut 


jounted on a sepsirate base or an the base-bosed of thi 
sratary evil In 

to the T-pivces of the discharger. Such a di 

can only be used in oF 


placed opposite 


direct ce the rus are 


ach other in 


a horizontal position, 
If we wish to deflect the sparks from a horizontal 


direction, a universal 
pivoted joint, should 


pillar, 


fitted to the t 
ind the diveharyer rod 


and socket joint, or a 


if each glass 





male te slide 


sa much handier 
pily Tsockets for the rods 


inv thew 
A. discharger made in this way 


instrument than one havin, 


THE COMMUTATOR OR REVERSER. ” 


tostide in, The rods may also be made of solid wire 
than those shown in the figure. 
From + to ti in. is quite stout enough.) If a small 
hole is drilled in the end of each rod, and this is met by 
another holding a small set screw, the pl tips 
imay be replaced with pieces of other wire, and thus the 
eharacter of the dischar 


and more slender 


from other metals be noted. 

A similar fine hole may be pierced in 
to hold conductors from th 

secondary ccil 


ach rod near 
ends of the 
If every part is well made and fitted, 
the conductors, of sille-cov 
through hollow glass pillars to the sockets in which th 
discharger rods slide, and thus all connections be hidden 
In view of tak 


the handles, 


J wire, may be catried up 


from view nig exact measurements of 
the laigth of spark, it iz advisable to grate the dis- 
charger rods, and mark then in decimal parts of inch 

eribel with a fine steel point on the 
‘A stnall table made of ebonite or of glass, mounted ona 
tdass pillar placed midway between the two dischargers, 
will also be a useful acquisition, to hold 
cotton or any other sub 


smooth brass rods. 


tuft of jgun= 
ace through which we may 
wish to send the sparks. 
126, Tin: Consturaron on Revensee—This ace 
ceswnry i a useful addition to a medical cotl, since it 
enables the operator to send the current thmugh the 
vimnary callin the opposite direction at will, and reverse 
it without hy 


It is alo sometine 


to change the battery connections. 

used by operators with the spark: 
Thi 

everal different forins, one of which i 


coil for the sane purpose. accessory is made in 


own at Fig. 28; 





1” IYNUETION COTS. 


sketches of the various parts being also given at Figs, 29 5 


te 33 
It is composed of 
ebinite, ivory, hard baked and 
aratined wood, or similar 
lating substance, fitted with metal 
air of 


cylinder of 


ends atid mounted on a 


metal standards connected with | 


mone the terminal binding posts of the 


A tongue of metal pro- 
jects from each end and overlaps the cylinder ; against 


daatter 


y \ 


7 \ 
WW) 


Fis. 2) 


r 


these press two brass spriny 


connected with the primary 
circuit of the coil, A diagram of the arrangement is given 
Figs 34and 35, The eylinder (Fig. 29) is 13 in ia 





TUR COMMUTATOR OR KEVERSER. ” 


diameter by 14 in. in length, turned true, and smoothly 
pol “To the ends of the cylinder must be fitted 
two discs of brass, each carrying a short brass spindle 
Fin. in diameter, and a projecting tongue of thin brass 
Of German silver, 1 in, in length by J in. wide, a4 
hown at Fig, 30, The discs will be attached to the 
of the eylinder by short brass screws, and the pr 
jecting tongues may be let in nearly flush with the si 
of the cylinder on exactly opposite sides, then secured 
by two short screws in each. Their position to each 
other is indicated in the diagram (Fig. 34), One of 
the spindles should be long enough to pass through one 
of the standards, and be fitted with a milled head ot 
a thumb piece, to tun the cylinder when required. 
‘The standards, in which the 
brass brackets, 1 in, by 4 in, with § in. feet, shaped as 
shown at Fig. 31. These may be fastened by screws to 
the baseboard of the coil in the position shown at 
with the cylinder 
th side of the 


outed betseeen ther. 
finder two springs of brass, or of 
n silver, shaped as shown at Fig. 32, must now 
x bard against the 

Beneath one of these springs one 
nd of the primary wire mast be tightly clipped by 
means of the holding-down screws, whilst the other 
end of the primary, or the wire from the break pillar, 
ist be atached to the other apring, as shown at 
Tig 14... The action of this commutator is more easily 
ceuplsined by reference to the diagrams (Figs. 34 and 
Tn these diagrams P represents the position of the 


bbe fixedl, with their points pressi 
sides of the cylinder. 





os ux Colt 
positive pale of the battery, and x the negative p 
That is to say, 0 will represent the p 
post, on the ba 


f the coil, connected to the exthus 
plate of the battery, an ¥ will represent the po 
the opposite 


of the battery 


tion o 
with the zine pl 
The current passes from zine to 
from thence to ¥, then along the course pointed « 
arrows to the bracket a 


binding post eonnecte 


cnl-pkeo Nat. Is 


spring a, then by comecting wire to binding post 6 


from this through the primary of the ceil jn the direction 
of th ny to, then to the spri 
tos by the emf-picce No, 2. Now let ts turn th 
cylinder to the tight, so as to throw the connecting bar 
of end-pices No. 1 against the spring 2, and that of 

net the spring, A,as shown at Pig. 35. The 


current will naw pass in the opposite dicection, from » 
to B instead of 4, from w to » instead of c, then through 
the coil, back by way of C Aand No. 20 N, instead of 


DBNo. 2, By turning the cylinder so as to have the 





springs resting on the eylinder instead of on the contact, 


Feces of inctal, the current will be atopped altogether 


Thus we ean alter the direction of the current, or turn 
it off from the coil, by a turn of the wrist as 1 

A defect in th 
out by Mr. A. Caplatzi 
they sou 


form of rever 
When the brass connecting 
in flush with the surface of the cylinder 
times f 


has been point 


to make good contact with the 


always at the same tension, [tis therefore 


have the strips raieed at least ¢in. above the surfac 
stings on the cylinder when 
In a commutator made by M. 
an shown me by Mr, Caplatzi, the 
J by two discs of ebonite connected by two 
brass bars, aginst which the springs press when contact 


and to have the springs 
the coil is not in use, 
Ruhmkorf Jinder 
8 repluc 
This hollow drui is a decided improvement 
on the solid cylinder, beesuse the springs are relieved 
from tension when the commutator is not in use 

In one 
fixed to the edge of an ebonite disc 
und the other beh 
nich fits in a ste 
ect 
side prose against the 


form of cominutator, two citcles of brass are 
und metal steips 
conivet these (one above with two 


hort pins, one of bearing, beneath 


the dise, and the other ina br jecting over it 
prings on of the dise, 


ws in the form previously described. As the dise is 
supported vertically, the button for moving it is on top 
instead of at the side 

Tn another form of commutator known as the * Iie. 
quet Reverser," a double lever switch has its two levies 
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inca ps a at chee ol ed We Gato ta 
Se er ta imme vita Theory 
OF hued foal anion foun 
Sana Dios any Te 
papers geen ea 
nected by short wires, as shown by | 
SE chullaec ih te seek, 
wa ine ois ences tes Sa 


pK 


f 


b 


switch rest on study a and py the f 
Dicom of trowet Sieh path HATED, Kut when the ends 


of the levers rest on studs band X, 
the path of the current will be 1b GA KN, or in an 
opposite direction to that of 
There ate several other 
made, but all work on the 


he first position, 
forms of current reversers 
anne principle of action, 
$27. RRGULATIK Fok MEDICAL Colt. —Tu applying 
the induced current of secondary coil to physiological 
at hand for 
nd density: of 1 
This is specially desirable in employing 
current for the diagnosis 


alterations may b 


purpoces, it is desirable to, have 


reqailating the 


tension current, 
an induced 
hough some 
1 coil 

resistance coil 


of disease, 
sale in this by employin 
nd a rheostat, oF set of 
a still greater nicet 


several power 
‘of regulation may be secured by 


having a regulator for the current ia the coil itself 





REGULATOR FOR MEDICAL Cot. % 


The density and tension of the induced current from 
the secondary wire of a medical cuil is governed by the 
‘magnetic intensity of th i 

coil, If this is strongly magnetised, the current from 
the secondary and also the induced current from the 
primary wire will be correspondingly strong. ‘The 
regulation of current strength may be secured by several 
methods, We may employ a stronger or a weaker 
current to work the coil, by using a battery of more oF 


fron core within the primary 


Jess cells, or a set of larger calls, the magnetism of the 
core being stronger or wexker as we increase or decrease 
the strength of the primary current. If a large battery 
cells be employed, we may reduce the 
volume of current passing through the primary, by 
resistance coils in the primary circuit, or by 
Ita plunge battery, with 
arrangements for raising or loverin 
céwally at will, be w 
he increased by lowering the plates, or de 
them out of the liquid in th 
ner ie attached to the coil, the i 


interposin 
employing a water regulator. 

wp the phutes 
wd, the density of the current_ may 
eased by 
If.acom 
diced current of the 


ary can be greatly increased in tension by throw= 


raisin cells 
nag the condenser in cirenit as ina spark coil, ‘The 
current may also be regulated by 

interrupter, the 
Wa 


the action of the 
thestome or current 
most intense when 
works ste 


impulses being 
he vibrator hi pring. and 
anil te ssingg 6 she 

nd vibrates very fast, The tension and density of the 
induced carrent is alo proportionate (all other arrange- 


ments being suitable) to the mass of iron in the core of 
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the coil, The tension and density af the induced ene 
rent, up to a certain limit (vernal hy the 
in the pr 


ary, the muubur of tuens it tikes arutiia 
core, and the primary current sent theough it) ix 
and deeaued by thi stening the cote 
made movable, or it can be partly withdeawn feom 
e coil, the reduced current ca be regulated to a 
ty by exposing mire « eof the core L 
magnetised, A movahic cone for a medical euil is 
shown at Fi Whe 
yyy is frst ade ay heeded in 
TP yg conte 
Fin 3 slidatest with solder. A 
ects ea brass disc with protruding 
tame may now be suldersd 
tocone end, and a knob of had wood fitted to this te 
form the handle. ‘The bundle of itn wires may’ a 
be covered neatly: with wine Fold of thin feather «book 
indne aee he 1 tee the corey ant 
eclges of the leather hid {ity ah poyeorswark 
im scale with decimal jouts of jnnches, as shuown in 
the figure, If this is used in a yertient coil, x thin 


ring'of German silver should be fised in tke Httoun 


to prevent the core fram slipping clown when partly 


withdrawn, No such provision will be needed in a 
horkzontal coil 
A novel method of ropulatings the terion ofthe induced 


current rem a medical coil hay been intiaclucest hy Me 
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id 6, Grafton Strest, Gower Street, Lon- 
in the manufacture of his portable medical eoit 
\ steel sin, ted with an ivory head, is made to 
ina grave on one side of the primary coil, and fs so 
arranged as to shore civeult few or mitny’ of the primary 
fl tuens at will, ‘The tension of the induced current 
sluced by thus short circuiting two or more turns of 
he qrimary as may be desired, This device does 
away with the nee 


ity of making the coil in sledye 
ither a regulatings tube or a movable 
core. A portable core, this constructed, is mounted 
hiv at ebonite plathirm over 4u cells of Coxeter’s dey 
buttery, anid the whole provided with switehes by 
nich the direct current fom the batterios may 
sell, oF the induced current fou the coil, as may’ I 
rexinited, 

Another form of regulator is shown at and 
in section at Fig. 4. This consists of a thin brass 


tube mate to sii ie i the bobbin of the primary coll 


‘oo 


the bubbin ends uf the coil, 
is described in § 10, and 
the brass tube slides O¥er yuan te ates ¢ 
it, covering it as a sheath, 
from the other end. The tube of brass, therefor 


occupies the thin space beaween the exterior of the 
core and the interior of the coil bobbin. It ts desirabl 
that both the cutside and inside of this tube be made 
sinouth aid true to slide easily in the bobbin and aver 








6 inpucrion Corts, 


the core with little friction, and to take up as little 
spn Ie, ‘The outer end is closed with a bras 
dise and knob, to serve ats « handle in dh 
titbe, When the bross tube is ys! 


and covers the entire leng 


ing out th 
inte Uke bobbin, 
of the core, it forms a 
closed circuit around this cnre, anid absorbs Into Resell 
art of the inductive eifeets uf the psimary cunvent 
The core is, therelore, but feebly magnetised whilst 
covered with the brass tube, and this is shown by the 
feeble action uf the rheotome 
magnetisny of the cc 


hen worked by th 
brass tube also absorbs 


bo screen’ the lines of magnetic force set up in the core 


and lessens their inductive influence on the primary 


coil. It acts asa damper to the current in the col 
and its effects are observable throughout the prinsary 
cirenit, even alterings the heat of the rheotome spring 
when this is worked ly’ a separate electro magnet 
wound with wire counceted! in circeit with the primary 
coil. When the tbe is witherwn from the coil, amt 
the wire is left expoiesl tn the fill influence of the 
urvent, full elects aire attainable fram the coil ‘This 
form of regulator is adopted by the makers of street 
coils, A picce of thin cit-yut is fixed Ly one ent to 
the regular tube and is cartied over pulleys around a 
wheel at the back of a dial, then fastened by the other 
end to a weight working in the pillar supporting the 
dial, As the regulator tube ix drawn out, the catgut 
revolves a wheel which moves a hand on th 
the weight draws the cat-g 


again pushed in the coil, 


dial, and 
back when the tube 





SPECIAL KUEOTOMES OF BREAKS. 


Water regulators for coils are merely water thee 
of resistances, placed in the pritnary cirenit to keep 
ry ctirrent, ‘These ate noticed 
Another me slating the cwrent is that of 
making up the coil in a peculiar manner, known a5 the 
sledge method of constructing a coil. ‘This form is 
also noticed in section 39, p. 131 
g 28. Sencrat. RitkovosEs 
tome, or break of a medical coil, is a most important 
part of the apparatus, On the perfection of its e 


BkEARS—The sheo- 


Struction aunt mode of action will depend the efficiency 
of the instrument ag a therapeutic agent. ‘The beat of 
the cheotome should be regular and rapid. ‘The vibra- 
tions of the break-spring and han 
rapid and maintained at an equable speed 
slow strokes of the vibrator cause the induced current 


to be delivered in # series of sinart jerks, which are 


mer must be very 
Jong and 


painfal and injurious to the patient, Tt is altogether a 
popular delusion to suppose that mest ygvod is being 

fetoa patient when the effects of the current are 
most felt 
harm may be done to a sensitive patient if therheotoa 
sto the core, then 5 


the fernt of painful sensations, Much 


arts with a sudden 
hammer st 1 


Painor the spring makes imperfect contact with the 
i i“ nust, therefore, be taken to have the 
erect the magnet and the head of the hurnmer made 
Slee ron well incall, s0 a8 10 avoid the retention 
Sf magnetism in them ‘after the current is broken, 


irregular action of 
the break. Ca 





= iver cons. 


The spring of the hammer should be 
silver, so adjusted as to stiflness to suit the coil in lay 
aud swliciently shot to ville rapielly. 
speck on this sprit 


af good Gorman 


The platinum 
should be either oblong or rect 
angulas, and the bracket, carrying the contact screw, 
should have an adjusting arranyen 


nt for moving th 
1g the 
contact point along the speck, and thus alter the strok 
of the vibrator at will, ‘The point of contset should 


have a surface of not less thin a inch, or a cross 


sectional area equal te that of Ni 
wire, Messes. Heard and Rocky 
American clectro-therapeutists, 
made of a spiral of platinum 


HW.G, platinum 
the distinguished 
recommend a contact 
soldered to the tip of 

point of wice, such 
ly employed in makin 


the contact screw, instead of a 1 
as that usu 


Ng Contact points 


Jnl, invented by Dir 


Jerume 
Kidder, of New York. i 


howe at By. 39. Te is in 


SUECIAL RUEOTOMES OR ARE, 


tended for the bobbin end, oF platform, of a vertical 
toil. The arm of the bracket i slit and furnished with 
fsck screw to Bx the contact screw when it hi beet 
Adjusted. The bracket can be moved from onesie to 
the other hy loosening the double-headed screw at the 
back, and thus the spiral contact guint can be moved 
wo a freak spot on the break 
spring, This orca enn be 
; separate 
Gleetevanaget if thought 
ical 

AE Fig 44 fs shown the 
theetoine employed by Mr 
Ke Schall 55, W 
Siveut, Lan, W 


construction of his 


worked “hy a 


medical coil 
lo 43 show the various 
parts of the same — The 
bhins onthe electro 

net, Vig. 40, are wound 
with one layer il 
overal wire, of the same . 
gauges as that used in the pages 
primary of the coil, ‘The break sming, Fig 
supported on the top of the pillar, Wig. 42, with 
the hammer 1 over the armature A, “The adju 
ing screw and bracket, Fig. 43, is then fised with the 


point of the serew bes 


41, is 


on the platinum syeck "and 


the whole adjusted to suit the current passing through 





INDUCTION COITS, 
i. This form of separate rhe 
platform of vertical ¢ 
coils of the same maker, he 
se of the coil at one end, the el 


Nasa 
pean 


tothe bobbin 


‘otome is employed 
In the larger hor 
feotome i 


nd the support 
nend of the coil 


n Dr de Watteville’s coil, with an 


excellent rheotome of this type, in whicl 


important additions and modifications, 


th there are some 
The contact, 


SPRCL.IL. RHEOTOMES OF NEEAKS. o 
place to a lever pivoted in the fork of a 
ort end of this lever is furnished 

with a spiral prin also with a vertical rod. sup- 
This spring keeps the lever 


in contact with the contact screw, and the rate of vibra 


tion is Hed by the position of the wei 

the vertical rod. In the Dubois-Reymond sledge coil, 
modified by 'rofessor Lewandowski, contact is made 
with two platinum-tipped screws instead of one screw, 
thus giving a more perfect and flexible’ contact, and also 





c 


siding th 


This instrument has 


Lewandowski, = Thi 


uinueriex coit 


a actionof the commuititiee alot to betheser 
Ley an improved means of al 

wen of the eurent, in hy: Bratessor 

Impowement consists of | 
and commutaten, by 


which it is poresitle to alt 
1 » clan either tne usta 





The impenvement is deseribed ia Me 


trated price list, by the aid of the 


illustratio 


apparatus in diagram form, 
parts are shown hy the follow 


porting bre: 


Sells ill 
accemprnying 
sthe arranementof the 
In thisdiapeam the various 

x letters: A, pillar sup. 
Spring; C, contact screws; 11, hammer; 
nagnet; 1, primary ceil; 1, secordary coll; 


Fig. 46, which sho 
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FOS W123, 45.6.7, the several parts of the dis 
junctor, consisting of pieces of thick brass fixed in the 
Tase, and yhis “rar to ench other, and furnished with 
Iwlesin which a. fitted the connecting plays of brass 
Kach piece of the disjunctor is connected to a separate 
wire, as shown by the fines lettered hy itaties on the 
diagram, Following these we may tree the ation of 
thisport.” Ifthe commutator (ve disjumetor) ie phiggged 
1, alternating currents are obtained front the terminals 
Pand Mt (hectuse then the current is obtwined from the 
secondary coil by the pathsii3 74 7), if at §, only thos: 
currents pass the human body which are indoced in the 
secondary enil by auading the prinstry ewrrent, (rhe 
path iin this arrangement iy by 2,tleough a, te the break 
pring, and contact screw from this to 7 4 7) 
plugscingg the holes © eand OF, wnly those currents pn 
which are insluced in the secondary coil by drvekine the 
primary circuit, My plisgging end &, ex frit enrrents only 
are sent, The hist three are nf a/ternariny currents, 
but Mow 2 che sine dircceom, anid thelr strength may be 
nicasred by means of an) ordinary smilliampire meter 
Morenver, all the shocks," orshert eurwnts, af which 
hey are compos, are nf equal interssity: and dueation, 
Bay. Ritkotases Fer Lago Stark Cons, 
Some difficulty is experienced ia making a suitable 
breaker for large coils, owing tothe heating ele 
1 Lingevolume of etrent on the high resistance of the 
platinum contact points, a kuger volume of current being 
necessary to work age coils than that employed in 
working small ones, Broad and well fitted platinum 





o mpuerion cons, 
contact pieces must be provided for the breaks of large 
coils, whether the brcak is worked from the core or bya 
separa 


magnet® The condenser must also be arranged 


to minimise the sparle at the break as much as possible, 
But, even when the greatest care has been exercised 
in making the two contact surfaces true with each 
other, it is not always possible to prevent for long, 
destructive action of the disruptive charge of sparks 

inuin. Sooner or later these sparks render 
the contact mirface uneven, and then the sparking evil 
is intensified, because the resistance of the 


circuit is increased at these points. 


ishas led to the invention of the mercury rheotome, 
ontact breaker 
‘This form of rheotome consists essentially of an ordi 
nary electro-magnet working an armature fixed to the 
end of a lever placed in coanection with the circuit 


actuating the electro-magnet. One end of the lever i 


furnished with a fork, which dips int a en containing 
mercury and connected with the primary circuit of the 
coil, When the circuit of the coil is closed, the electro: 
magnet of the theotome pulls the 
itself, and this dr 
thelever ont of the mercury anid breaks the circuit. ‘This 
no, the fori falls again in 


mature toward 
S the fork at the opposite end ol 


the cup and closes the 
circuit, and is again withdrawn by the magnet. This 
action of “amake and break om repularly, ae in 
an ordinary contact breaker, Several different forms 
© Platinum comtactt of & ies in Winmeter and {fn fn thidsaees an 
sometimes erployed ia the rhetones of large spark el, 
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of this rheotome have been employed by coil makers, 
In one form, a brass arm, from 4 in. to § in. in length, 
by Fin. in diameter, has an iron armature 2 in. by | in. 
by 1 in, fitted to one end, and a fork of 2 in. copper 
tod tipped with ¢ in. of an equal diameter of platinum, 
at the other end. This rod is balanced in the centre 
in & forked pillar, so as to have the armature over the 
two poles of a horse-shioe electro-magnet, and the 
platinurn-tipped 


containing 


rks dipping into two 

The electro-magnet is worked by 
one or two cells of a separate battery, the eirevit being 
made and broken by an ordinary contact spring placed 
on the pillar supporting the arm of the armature, The 
mereury in each cup is connecteil, one with the terminal 
binding post on the coil base, and the other with one 
end of the primary coil 


5 the brass arm moves up 
and down under the influence of the magnetic break, 
the forks at the other end niet breale the circuit 
of the primary coil ng pressing on the 
arm keeps the fork in the mercury when it is not drawn 
out by the electromagnet at the other end, and this 
spring is adjusted by a screw to regulate the speed of 
the arm, This form may be modified In the following 
manner, Only one mercury cup and one contact point 

1, the primary current being conveyed 
into the mercury through the platinum-tipped point 
through the arm, and through the supporting, pillar to 
the end of the primary coil. ‘The mereury contact may 
also be used as the break for the actuating electro 


magnet, by dipping into it a wire from the battery and 





o mypuction corr 


connecting one end of the 


foot of the 
the" ma 


clectro-maget coil to the 


pyorting pillar. When thus constructed, 


se and break will be at the same rate in both 
both be controlled by the adjustable spring 
nthe brans arm, Deth of th 

separate battery to wnek the elssotin 
of the ba 
In another 


circuits, and 
forms need either 
. wa xopmarate cireuit 
from a part ery employed to work the coil 
1m, the core of the coil is made to work 
armature being fixe to 
the arm over the end of the core, all other arra 
ments belay the sane as in the form prey 
june. campluying a owo-prongerl 
mercury cup fridge betwoun the 
cups), the tension of the eurrent is divided hetwee 
the two paints « 


fork and two 
(the forle necting a 


cuntact, anda better contact is insured, 
But, in this form, every part must be accurately fitted, 
to prevent unelue friction and sticking of the break, As 
mercury cortucles amd eats Into brass, copper, and nearly 
all other metals except ino, the cups should either bs 
male of cast iron oF of 
the lat 


enclosed in a hess ex 


being proferable. The cups must be insue 
lated from each other and fre 
the brass arm, ‘The 

inwlated! froin the metal 
this should be litted 
elude the dust and 
from bei 


of the fork must pass 


1 the 


Har supportin 
wires must also be 
the cups, and 


with a close et 10 ex 
prevent the contents of the cups 

The rexls 
ein this 


iit by spirting o: 
yap 


hing, 
: nshing, 


a ha 
od of a steam 
gylinder, 


much the same as the piston engine 


passes through of ft 
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Wher si 


coils, a considerable 


the mereury rheotome with very large 
Volume of sparks pass into the 
broken. ‘Thes 

and the 


rapidly omidise the mercury estroy’ its con- 
Foucalt, the ine 


of the 


ductivity. Te prevent this oxidatio 


vento covered the surface 


of this. rheotome 
imercury with absolute alcohol, and mixed finely divided 
platinuin with the mercury to form an amalyan of the 


two metals 


be inflamed! by the 


Ifthe layer of alcohol is very thin, it will 

parks and explade, therefore the 
sarfaee of the Jhoukd he covered with alcohol 
wo the depth of an inch the mercury 
‘ of the Polytechnic Institution coil, 


inch or more. Tn 

famout 

Apps, 433 
pint 


London, the 
a lange 
slcoho 


constructed by Mr Strand, 


hss bottle, and covered witht one 
Mashes of 


At were scen 0 play on the surface of the 


it the alcohol did ot spirt, ialame, oF 
explode 
The meremry tireake may be worked by hnand, if so 
desinedd, and thus the w 
tilled, 
actuated by 
Mr A 


nye specdl uf the coil be con. 
Or it -may be worked fc Iever 
a vacumin tule motor 


Apps, the wel 


nown anaker of large induce 
Tevoted much attention to rheotomes for 
made 
has been described anc! illustrated 
sgt, by Dr 3 AL 

On refer: 


large spark ceils, An improved contact breaks 
by hie for spark: c 

in the Fietrician of Aug 
Flemi 


ence ty this figure 


and is reprodiced here. (Hi 
it will be seen that ure spring, s 
" 





carrying de hammer-heae i, his a hole drifted through 


ity te 
this hole, gh whidh pai 


regulating screw ¥. The contact pilkse ha 
hole drilled thiouyh its lower end for the sha: 





spring contact break, which re 


Tength of spark at the rheotiine, 


upped brass collar is fitted 


the shank of the 
pte 
ofthe 
screwy and this hole 
is bushed! at mt with 
NOEL, I trees 
contacts eas be 
austed and the rate 
of vibration of the 
Finish, Br Apps 
hoo evinal a 
fora of tpt cu 
tet bral, which 
renders it posse to 
lvide the Bren spark 
between several 
points, Me, Hoxtune 


duces materially. the 


The rotary rheatames, attiched to some old’ forms uf 


spark coils, demand a notice in p 
being mm use at the present time. 


assing, some of these 
‘These were made in 





everai forms, but the principle of action was the sire 
in all, ‘One or two strong springs pressing un « toothed 
wheel completed the primary’ circuit, which was broken 
by the intervals between the teeth every time the wheel 
was moved. By controlling the siged pf the giothed 
wheel, and by. al-erafion ia the forntantid 

teeth, the intdrvais of make and bgeak, could be cor: 
trolled toa nicety, Ol mdi€el,caifs swore tked with 
jnnitar Mveotoenes, actuated by? winely Inandles, aid 


sated of the 


sometiines driven at « high rate of speed by band wheels 
and pulleys. “The msping sensations experienced [rom 
ilk controlled by such rhentomes, can only be imagined 
by comparing them with those given by the current 
from a bally made magneto-clectric machine 
§ 30. RUeOMieRtS roOR Meicat. Cols. —These 
ories to inedieal coils are necessary to the appl 
of the induced current to physielogical purposes 
The name is derived from two Gree’ words, sue, a 
vunvent” and lowe, “1 bear alan" ‘The ame is 
applied to all the conducting cords and instrnments 
employed in conveying the current from the coil to the 
patient. The conducting wires from the coil must ts 
flexible, ‘They are therefore made in the furm of wire 
conds and braids, covered with an insulating medinn of 
cotton, worsted, of aille, ‘These cords and braids are 
made (and sald by professional makers of such material) 
with the so-called gold and silver threads emplovel in 
the gold and silver lace industry, The ends of the 
braid or cord are clasped in metallic contact with brass 
tags to fit ia the holes of the binding posts and other* 
connector. 








many, and are adapted 


intention. te, sow how elec- 
tricity can be employed for the cure or relict of disease 


common forms e 


for instruction in the use of these ins 

of useful books on this subject is 

excellent illustrated price-list of elec 

ratus issued by’ Mr, K. Schall, 35, W 

London, W. 

‘The most common form of rheophure is that kno 

as the . 1 which coasists of a 

mounted on a handle uf chanite or other insulating 

material, and furnished with metal cup or similse 
nent for clasping a sponge, as shown at No. 12 
pup of figures annexed, The insulating handle 

should not be large auul anwieldy, but of suflicient s 

to be easily grasped by thr hand anid of 

able to the work to be dune, Co with the 


battery should be made by means of « hole and a stall 


screw in the ferrule of the handle or in the metal con- 
ductor, pot by means of a rod running through th 
handle and a screw in the end of it. ‘The spon 

or cup should be made to unscrew from the handl 
order that it may be cloatised and set aside eleian when 


notin nee. be ad 
or ltr ja rly who fn tat Resto a 
cary removal for change asd cleansing py 


hould always be male for the removal ar 


interchange of electrodes emp! 


ed in hecplor 
The ordinary form of insulating handle : 
is shown at 1 (Fix 48) 


with an 


These hanilles can be fitted 
arrangement for applying the etirtent when 
is ready, as shown at 2 (Fig. 48), or a 4 


iunilar 
ment f 


or switching it off when not rey 
nt 3 (Pig. 48). Mr K, Schall also furnis 


handles 
with F reversing the direction of the 
cents shown at 6 (ig 4, an one whet 
48), The other ine 
uments show this 
applications of electricity to curative purpeses. i 
§ 31. RUKostars vor Cons— his 
from two Greek. Wor 


livision 
s, as al ts (h 


namie, derived 
$5 rihcos, a currett 


that stands," is given Lie 


switching a debate resistance into the crcl doch ou 
a resistance coil or a vater water. "The 


the volu eet 


of current by reducing the conductivity 


the circuit into which they are bronght, and thesefore 


act a5 check valves in reducin 
n reducing the area of the conduc 
tor trough which the current has to pass, In ths weoal 


employed to reduce the current ease Thi: ; 


accoil, and wound on a bobbin, ; 


The wires are usually 
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maile of such alloys as German silver and “ platinoid,” 
becuse these are inferior conductors to pure metals 
Each coil is made of a siae and length of wits known to 
have a definite resistance, and a number of sich coils 
are formed int groups, with eaeh individual coil of the 
group placed in convenient prosimity to its neighbours 
for easy connection, In one atrangement the coils arc 
fixed to the under side of a board, and the ends of the 

is are attached to blocks of brass fixed on the opposite 
wide, These blocks are fixed close to ench other, but 
ot touching in any part, Conical holes are bored in 
the joints between the blocks, so that one half of each 
hole is in each block, holes are fitted toa 
icety with plugs of brass, furnished with thumb-piece 
heade of ebonite, oF with eross-pieces of brass to form 
heads. The whole group of coils, of any number of 
them, can theyefore be connected together by arranging 
theae plugs, the full resistance of the group being thrown 
nto the circuit when the plugs are all let out, The 
coils are usually grouped decimally to represent decimal 
parts of 10, (60, £000, or 10,000 ohms, ar decimal parts 
fof an ohm divided into tenths, hundredths, or thou- 
sandths, as may be desired. The ohm is the unit of 
ice universally employed. In some forms of rhieo- 
1 of varying resistance are em- 


t, blocks of a 
A plug. theostat 


ployed instead of coils of metal 
shown at Fig. $3, p- 107 
For medical purposes, the set of coils 
sed in a circle, and connection be made with the 
arranged as a crank, as 


ould be 


by meany of a movable sw 





in edly, ad i with ey 
iterations iy the strength of the current when xm 
floyed for endian send Ieee te 
PB si iat ordinar 


is utibised jin th 
The most simple form of 
this instrument is that of a glass tube (as that of a glass 
syringe) made water-tight at loth ends with c 


struction of a rhoostat 


plugs 
¢ of phitinum wire in each plug, At 
The piston evel of the syringe) the 
ove in the iy yg enotap ta 
When the 
tube is filled with water, and the wires ate connected in 
ireuit with the battery and instrument, the revistat 
of the circuit 


touch the wine at the ntther visd 


is increased or lowered by altering the 


distane? of the wires from each other, and interposing a 
more or less volume of water beiween the F point 
At St is shown a hydroehe 


at nade and 
old by all makers of electrical insteume Phi 


consists of a lass tube having a metal eap at each 
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ses ond the ea of one el baie provide with 3 
Sling mutates ef sufiient length to sch the bottom 
i the tube and tou the eap at the ather end, When 
the nol isin place, the (wo ohds are connect 


tance is inereased anid the strengitl of the 


a 


cernds, the re 


current at the clecteades decreaed, necurdiny to th 
length of the column of water throngh which the cur 
This instrument is simply placed in 
1g the wires from battery ani! coil to 


font has to pas. 
ireuit by conn 
the binding screws on the base of the instrament. In 
this fori a double set of binding screws are provided to 
admit of the current being divided between the elec 
trodes and the eolusan of water, if so desired 


[At Fig. 50 is shown ancther form of this instrament 





108 ivpticrtow cotrs, 


hich Is. decided improsement on the old one, In this 
he distance between the two terminals is regulated 
o€ 4 screw, and thus a great nicety of 


ig. 52 is shown a liquid rheostat, supplied by 


Mr. K. Schall $5, Wicmore Ste 
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this form two tubes and two sliding rods are employed. 
When both rods touch the metal plate at the bottoms 
of the tubes, there is practically no resistance. The 
resistance can be greatly increased by 
rods, and ean be nicely regulated by 
at the sides of the instrument. 


sing both sliding 
adjusting screws 


ed for physiol 


53 and 54, In an instrument su 





BLRCTRICAL MEASURING IISTRUMENTS. 
Reference to Fis $5 will shew huw thi 

nay be used with a telephone 
A anil 1 shut 
G, the coil ; 


arrangemen, f and #, and the switch A resting on a, 
Li this diaggrun, letter (plage should now be withdrawn one at a time, and the 
‘tion of the battery binding post 

y andl, the hindi 

tors to the circuit | 


pointer of the bridge moved tntil enough resistance hes 
ints for the conduc, | been thrown into the circuit to balance that of KI the 
18 represented by 


Wine memset ~ | Gaicntnne rae tobe sed, the switch int rst on 
pli resistances, sta and the opening 8 must be plugged 


galvanometer circuit § ja. Euweretcal MvASURING INSTRUMENTS — 


anul ome ut the 
‘This term embraces a large class of instruments, rang 
ing fram mere current indicators up to delicately-com- 
structed voltmeters and ammeters calibrated to ive 
readings of reatest aeewracy. Mere current indicators 
for ggalvanonieters may Le constructed by amateur elec 
tricks, but instriments demanding any degree of 
accmacy in their roatings: anust he teft in the hands of 
Skillet electricians, ‘The standard units of electrical 
measurement are the ohm, volt, ampére, and watt, To 
these are sometimes added the dlyne, erg, coulomb, jome, 
furad, and graimmecalorie, If we except the joule, whieh 





is sometimes used in ascertaining the temperature of 
eicetro-cauteries, and the Farad whieh i to express 
the capelty: for change of a condenser, none of these 
r ast neal be considered here fens the anit ol 
Are enn saneteg ty the mow resistance to electric currents, aud is approximately 
Dorie andr, the te lepton 
dotted line from @ to a! show ‘ Hy 
arm, andl § the 


dle pointer o tual to the resistance of 12y yards of pure copper 
the sweep of the switch wire Jin, in diameter, or to 106 centimetres of mercury 


cof the pls, When the ne square millimetre in section ‘The wwe i the ws 
termined, th 


sition af « 
tence of has tbe terminals. a of meastirement for the difference of potential between 


tnd are once with the battery, andthe terminals any two parts of an electrical circuit, or the cleetron 


wih the body the vesitanee of which tb motive foree of an electric cunent, and is represented 


i emmectal 10 t approxiiately by the elect motive force of one 








INDUCTION cours. 
Actually, i fs represented by ous of the 
tronnotive force of the copperzine pair ir one such 
call, The ampire is the unit of measurement for current 
volume, and represents the quintity of electricity. pro 
duced by an eketro:notive force of une volt through a 
the eapacity of a condenser to veccive a eharge of 
tricity, and is wopreseated yy a charge of one ampire at 
potential cf one vett delivered in owe second! ttn 
“This charge is wamed une cvvlomh, As measurements 
are frequently taken of currents enuch banger anil also 
much smaller than can be expressed by Uke above 
named nits, it is usual to onnltiply: or dividle the nits 
many thousand or many snilins Gines, and give mann 
to each of these fractions. ‘Thus, the prefix ae has 
been adopted to represent one millionth times, and 
‘nicre one willionth part of a anit The prefix 
milli has ako been employed to represent one 
thousandth pact. 


The mage ts, theretore, a resist 
I ue muildanimpere a quisatity 
ne thoncandth part of an 


‘one millionth part of a 


of electricity representing, 
ampire. A. microfarad is 


farad, and is represented in a condenser by about 3, 


square inches of tinfoil The two last fractions of units 
are much used in the working of coils, the volume of cur- 
rent from them being very smnall, thin, or attenvated, and 
better expressed in milliampives than in the larger units, 

$33. THE GaLvanomeren —This name is feequently 
ved to designate any instrament made for the purpose 
1 indicating the existence of an electric current. The 





TUE GALPAD 


name is fitly given to a measure of galvanic electricity 
It is usually applied to current indicators or detectors, 
uch as those shown at Figs. 55, 56, and 57. If the 
instrument is merely required to test a wire circuit for 
the presenc: of an electric current, or to test the con 
dition of a battery, the ordinary’ linestnan's galvano- 
meter, shown at Figs. 55 and 6, will serve the purpose 
very well. The construction of this instrument is similar 


19s 
to that of a single-needle telegraph instrument. A 
magnetised picee of stecl, x £3 & in is mounted on 
fastecl spindle in « hollow flat bobbin wound with fine 
wire. ‘The spindle is nicely centered in brass bearings 
fon both sides of the bobbin, and the magnetised steel 
thangs in a vertical position when at rest in the bobbin, 
both ends being free to move in the arc of a circle, 
When a current of electricity is sent through the wire 
Wouttd oa the bobbin, it induces the maynietised steel to 





place itself out of its vertical position across the path of 
the current, The deviation of this needle from a vertical 
position is proportioned to the strength of the cutrent 
sent through the wire on the bobbin. The spindle of 
the magnetised needle is extended to pass theough the 
graduated dial in the front of the instrument, and this 
end bears a light double-pointed steel neulle fixed 
parallel with the mugnetised neudle inside the bobbin, 
The movements of the interior needle are therefe 
dicated by those of the outside ncedle an the dial, which 
din degrees uf a citcle, ‘The dial nay be of 
The case may be of wood or of 


brass, and may be square or round, as taste may dictate 


If the bobbin iswound with many turns of fine wire, say 
of silk-covered No, 36 copper wire, the instrument will 
indicate small currents of electricity 


5 but if coarse wite 
(ay No, 20) is wound on the bobbin in only a few turns, 
it will take a large woluine of electricity, say from § 10 
Joainpires, to move the noulle, In the highse-priced 
falvanometers, the bobbin ix wound with eoarse wire for 
args: volumes of current, and over this is wound several 
layers ofa finer wite for more delicate indications, It 
must be unierstocl, however, that these instruments 
will not sacasure the actual current strength of a battery, 
and are only aseful as rough indicators where porta 
Lullty and enphl week ts desired, as fe testing a battery 
to soe whether it iv in working order oF not 
For more delicate observations on the movements of 
small currents, as those mentioned in § 5, we shall fee 


quire 4 galvanometer of the horizontal form, sch as 


GALVANOMETER. oy 


; consists of magnatived 
that shown at Fi ~ : 
hanced on the point of a stel needle protruding 
Taran ce ante of a ail, ‘The needle is fee to 
move over a graduated circle on this 

Giakans when at rest, will pot due 

writ aad south, being controled by 

Sathin the ends of the w 

wee Or the instrament. When only a fat 
the ah the seskveness of te itrment it 
Ta ca eee he base i of poche haat. woot 


‘being stro Conant 


ae «the more expensive and accurate instruments 

sat is of ammeter, 

Nout tobe described under the bead 

wriNaméce meter, and voltmeter. In the herzootal 

farm ofthese stants, the maznetisng inuence of 
1 
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earth's magnetism, In the vertical form, the force of 
ravity has to be overcame by the mignetising influence 
he current passing through theeoil, ‘The hori 

prin is the sore sensitive, but the vertical form 

more constant readings, beeatise ils neville is ot subject 
Both forms 
Iwancmneter are, however, useless as 
actual measures of current strength, 


to the variations of the earth's inajgnetism. 
of the ordinary 


The deviations of 
Ucir needles will indicate the existence ofa current and 
its direction, The angles of their deflection will also. 
roughly indicate the whative strength of currents made 
to pass through their coils, but these vary in eau h instr 
ment, no two galvanometers yiving the same dellection, 
The deflections of theyralvinwnneter needle are governed 
by the thickness, length, ant mimber of turns of wire 
wound on its coil, and also by the magnetic conditionot 
its needle. ‘The angle of deflection does not increase in 
Proportion ta the strength of the current, and no eale 
Iation can be made to convert the readings of the needle 
in degrees to absolute unite of mearurement in all gale 
vanometers. ‘This uncertainty has le to the invention 
of another classof current 


milliampore meters, and 


Jicators known asamimeters, 
tmeters which are con. 
structed to give absolute measurements, 


$34. ANMETLRS—Anmeters awe g 


anometers 


constructed togivedirect readings.n theiedials in ampire 


Unite, Various forms of these instruments ac fy se, 
In some the principles of construction are the same as 
in the ordinary galvanometer, a magnetised steel needle 
boing actuated by the strength of the current passing 
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through a coil. As small maynets are liable to 
magnetism and consequent 
strength, Messrs, Ayrton a 


ameter in which a stro 


i Perry have consteucter 
is provided for the needle, in the shape ofa strong horse 
shoe permanent magnet, with its legs on both sides of 
the coil enclosing the magnetised needle. In some 
forms of ammeter, the permanent magnetised needle is 
superseded by an iron pendulum stspended between the 
two legs of an clectro-magnet, In others an iron core 
is drawn into.an open coil of wire, or solenoid, by the 
‘ength of the current passing through the coil. Tn all 
forms of this instrument the readings are taken from a 
pointer mov The graduations 
are fixed by a enreful 
process of calibration, compared ‘vith actual readings on 
tandard instrument, T 


ave iy amp 


are Wiable to errors arising from the variation in magnetic 
id also the variation in. the 
maynetic influence of terresteial magnetism, when mage 


trength of the needle, 


netised needles are employed in the consteuetion 
instruments. They are rarely used with induction coils 
the currents obtained from these being measured in 
fractions of ampires by a milliampire meter. 

§ 35. MILLIAMrERE MEcTEKS.—These instruments, 
as the naine implies, are measures of electric current 
They differ but ver 
from ammoters, but ace of more delicate construction, 
and are calibrated with geeat nicety. 
meters, they are made in various forms, but may be 


strength, ia milliampires, 


Like galvano. 
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divided into two classes, the norizontal and the vertical 
The horizontal form is sade similar to. the horizontal 
anometer already described, and is, like it, liable to 

jon from the variable force of terrestrial aay 
ich is not the sume all over the earth, These 
instruments have therefore to be calibrated to the mag 
netic meridian of the lacality in which they are to be 


be regarded as 


correct for that eality al 
Subject tw these variations, but és alse Hable to errors 
from alteration in the mvagnetian of the nvedle when a 
noticed steel weeille is employed Nr. K. Schall 
supplies vertieal instruments without pertinent nay 
nets, Te claims for these instruments that they’ ar 
accurately divided, amd the divisions are periuamently 
correct whilst (he instruments receive fair ususe, They 
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allow of the alternating currents 
accurately measured, and are gr 
rents from 20 up to 200 milli 
ampires whether used for gal 
vanivation, — faradization, — or 
electrolysis, An instrument of 
this class of galvanometer, made 
by Mr. Schall, is shown at 
59, and another by Messrs 
King, Mendham and Co, at 
Go. Mmnong millianyyin 
meters of the herbzontal form 
mentioned Gaiffe's 
galvanometer, shown at Fig. 61 
The fwllowing description of 
this instrument is taken from 
Co's. illustrat of elec 


wrrens. 7 


induction coils being 
aduated to register eur 


Messrs. T. Gent and 
tro-medical apparatw 
“eT Iis ie a mill 
ninpiire meter of 

the horizontal 
form.» isthe 
base upon which 

the instrament i 

vy bing 

levelling screws te 
thesame. wisthe 


containing case of 


7 metal (witha glass 


cover) fitting inte 
aml lice to move 
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within the ring c, which is alo fastened to 
ase. The coil is placed mdereath the chanite 
cover M, the two ends t 


inating at the binding screw 
XS, 


is the magnetised needle working upon 

ruby contre, the end moving over the scale c, 11 is an 
arm of brass, with a forkeul end passing maior the neville, 
the other end having a terminal screw for preventing 
undue oscillation of the ncedle and fixing it in any 
desired position, : 
Dr. Edelniunn’s horizontal 


kalanometer is also. 
shown at Fig. 62 


This instrument has a magnetised 


needle suspended from cocoon fibre. The oscillations 


of the needle are within a copper 
block which act 


a damper, and 

Prevents excessive vibration, and the 

works are contained in a polished 

brass case. In the " pocket " form 

of this instrament the greatest ersor 

wariteed to not exceed § per 

cemt., whilst in the larger or ttniversal 

gulvancmeter of De. Edelman, the 

error is guaranteed to nut execu o's 

* percent. ‘These instruments are there: 

fore used when measurements of absolute aceuracy are 

desired. They are made and sold by Mr. K, Schall 

55 Wigmore Street, London, and ty ather makers of 
electrical instruments, ‘The prices range from 

up tu £ro, 

Mr. Schall recommenils the Iuurianital foram 


vanonteter fur exact measurements, tn tis bo 
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Electro. wfedlienl Apparatus, p. ttt, he says: “In the 
case of horizontal galvanometers the deflections depend 
upon the strength of the curvent, the intensity of the 
ocal terrestrial magnetism where the galvanometer is, 
used, and the inertia of the needle—which has to be 
Wve of mutguetisation of te 
nestle ihelf, Ve can easily be shown thal, though a 


ercome, but af pow the 


piece of magnetized steel which has lost partof the mag 
netism it had during the time the division of the instru. 
ment in milliamperes was made, ought by a current of 
the same strength to be deflected further from the mi 
netic meridian than it did at the time of the divisios 
yet, on the other hand, this weaker magnet will also be 
jess influenced by the same ewtrent strength, The two 


conflicting forces (namely, the dircetive force of torre 

terial mag 

vanic current) upon the joint action of which the angle 
on depends, each act upon the needle pr 
to the intensity of its magnetism, and thus 
of deflection by the law of resultant forces 


We same whatever variations in the maynetia 


isin and the defecting influence of the gal 


tion of the stool may occur, The inertia of the needle 
itest in the case of instruments the magnet of 
which is suspended on a cocoon fibre, as in this ease the 
friction also remains always the same. Such instn 
ments have therefore the very great advantage of having 
their graduation correct for a certain locality, and this 
graduation will always remate correct and reliable,” 
‘As the intensity of the earth's inagnctisn varies a Tittle 


lightly year by yea 


during the year, and increases 
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this statement respecting the absolute accuracy of the 
gradustions is not literally correct, Mr. Schall values 
this variation at “04 in ten years, oF a possible ereor in 
the graduations of 2 per cent, during that tite, 





CHAPTER IV. 


$36. LAKGE ENvERStTY OF SraKk Cous—Small 
intensity or spark coils may be said to include those 
giving sparks in air from 4 inch up to 3 inches, From 


this upwards, thet is to say, those coils giving sparks in 


air from 3 iuches upward, may be classed as large spark 
coils, Small spark coils may be constructed with onl 
one continuous cail of fine wire to form the seeondat 
coil, but the secondary coil of large spark coils should 
be built vp in divisions, This plan has been found 
aulvisable in builling coilsto give a t iach spark, to pre- 
ent poss king, through the tuens of wire at 
ends of the layers of seeoniary wire. ‘The electrical 
pressure of tension of the induced current at the termi 
Is of the secondary wire in a coil to give only a t inch 
spark in air, ranges between 
If this spark can pass from terminal to terminal through, 
the bad conducting medium of air, how much more 


co and 60,000 volts. 


reaulily will i pass through the turns of insulated wire 


containing © good conducting medium in the form of 
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copper, which intervene between the first turn of the 


secondary and its last turn, or vertically between the 


terminal end and the commencement of the coil? As 
th 


1 1Wo points ate the most vilnerable party of the 
coil internally, Lecause of the enormous te 


on, potent 
or stress of the induced current at these two point 


it is advisable to place them far apart, and this ean only 
be done by dividing the Secondary coil into tivo or more 
parts, As the eurrent at the commencing end and the 
finishing end of cach of these divisions has not sucha 
high potential as that of the eurrent at both ends of the 
whole coil, these ends beings nowhere placed in a vertical 
position to each danger of sparking through 
the layers of wite is reduced to a minimwin when the coll 
is wound in divisions, 

§ 37. Cons IN Two OR THREE Divisions—in 
planning an ordinary spark coil to give sparks from 
Vin. to 3 in, in air, the formation of the bobbin must b 
taken into consideration if the secondary chil is to be 
divided. A shallow bobbin, just large enoweh to hold 
the core and the primary coil, should be 


first male, 
sd with the core, wou 


with the primary coil, and 
coated with paraffined paper ready f 


the secondary 
coil, 1Cam ebonite or paper-mact ts 


tube ean be anade 
fit tightly over the primary’ coll, this will be found to 
bean improvement, The end picces and the dividin 
ises rust now be prepared and fitted on the tube. The 
tube covering the primary coil should he thicker at thy 
nds, or the end pieces should thicken at their junction 
with the tube, and the thick part be chatnfered off 
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to form a thin sleeve on the tube. The dividing 
partitions should also be thickened ia like manner. 
‘These precautions are advised to prevent sparks 
passing to the primary coil from the end turns of 
the secondary coil, or from one division of this coil 
to the next division, under the dividing discs. It is also 
advisable to have the end pieces of the bobbin and the 
dividing partitions fully two inches in diameter larger 
than necessary to hold the wire, to prevent leakage over 
and around the edges of the partitions. The space thus 
left can be-afterwards padded with cotton antl covered 
with leather o shect ebonite, to give a finished appear 
ance to the outside of the coil, ‘The dividing, partitions 
tay be made of word soaked in parafi, oF of ebonite, 
cor of papicr-maché soaked in paraltin, oF of dises of 
thin cardboard of thick paper soaked in paraffin and 
put together whilst het. Special attention must be 
paid to the soundness and perfect insulation of th 
fnaterial employed, and alsa to the ft of the partition 
on the tube covering the primary coil, ‘The slightest 
flaw overlooked at these points may result in a thora 

break-down of the coil, Tt is advisable to well baste th 
joints of the dividing partitions with hot paraffin, and 
to ‘wind some paraffined soft cotton om each side to 
form a flange or sleeve, before wining the sccondary 
wire, Hefore winding the seconduey wire of a lar 

coil, special attention should be paid to its quality: and 
insulation, as dizected in sections 15 to 18. Instructions 
for winding will be found in section 17. The ceil must 
be wound in one direction, filling up one division before 





Lose 
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passing on to the nest, the outside or finish end of one 
division being comected to the commencing. or inside 
end of the next division by soldering the two ends 
together, the joint being miade over the finish end of 
each coil. These joints must be carefully insulated 
with soft silk thread run through paraffin, ant the 
commencing end of exch division should be basted 
with paraffin to ensure thorough insulation. 

§ 38. Very Lance Srari Cot.s.—When coils are 
required to give sparks 6 in, and upward in airy the 
difficulties attencliny their construction increase with 
each extra inch of spark desired, ‘The enormous 
potential of the induced current enables it to breaks 
Through all but the most perfect insulation, and send 
sparks along the lines of least resistance, which may be 
within the coil itself. ‘This fact must be taken into 
serious and practical consideration when constructing a 
large spark coil, The clectrie stress is equally the same 
in all directions, vertically, from the last outside turn of 
the secondary coil to its first inside turn, and, laterally 
from the commencing end at one terminal to the Gnish 
endat the other. Great care is always exercised to keep 
these last points far apart, to prevent sparking across 
the coil laterally, but the existence of equal vertical 
stress is not alway considered, and yet this is the most 
dangerous of the two, for a spark is more liable to puss 
vertically from the outside to the insiele of # coil thas 
from one sidé to the other laterally. ‘This liability 
internal vertical sparking has led coil makers to con- 


struct large spark coils in a number of thin divisions, 


# Astor the protection of Riutgen oe X vay 
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cach well insulated from the rest, As the pote 
the inducol current in one of those thin coils is never 
very great betw -ommencing and the finish ends, 
or between the top and the bottom layers in one such 
division or compartment, there is little danger of vertical 
sparking. ‘The liability to lateral sparking is also 
reducel to a minimum, because the number 0 

ne layer in each compartment is also very small, and 


these are separated from the nest by a well inswlated 
ivision, These divisions may be made of vuleanite, 
The number of 
thew ina evil, and the distance of the divisions apitet, 
must be determined by the size of the evil, In a coil 


ebunite, or dives of paralfined paper 


to give from a 3 in. to a6 in, spark, the divisions 
may be 2 in, apart, but for 
nay be narrowed down to one inch or even Tess with 
advantage. 

In the best made large sich 


coils this space 


« those made by 
Messrs, Apps, Siemens, and Halske, the tube, bobbin 
are all made of vulcanite or cbonite. 
‘The tube, containing the primary wire and core, is 


emits, and divisio 


made in the form o€ a long bobbin with a thre 
the ends to screw into the end piec 

seconlary coil bobbin or rect. Tt therefore forms, with 
the core and primary coll, the body of the reel, The 
avally of this tube may’ be from ,j in. to 1in.in thickness, 
Tint the end pieces should be not less than in. in thick= 
esi; and these may be also screwed on to the 


tnds of the tube. Rings or sleeves, of cbonite or 


+ sce descipton of Siemens and Hatake’ eit ia 40 
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vuleanite, should be made to slip tightly on the tube, 

each ring forming the body of a compartment for a 
secondary coil as shown at Fig. 63 

ing uises should also be made of jin 

onite fitting the tube, In building the 

a skceve of vuleanite is slipped on the tube and 

pressed against the end cheek; a dixe ix then slipped 

fon the tube until it meets the should 





another sleeve i then slipped on, then another disc, avd 


so on, each dise being tightly pinched between the 


shoulders of two sleeves 

The following instructions on making induction coils, 
from the yen of Mr, A. Caplatzi, appeared in the 
English Michanie of March 14th, 1890:— 


Ditisions are best made of vuleanite, and should 
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fit tightly over the tube, If circular cutters of the right 
size are at hanJ, divisions can be stamped out of half 
a dozen sheets of paraffined paper, stuck together. An 
uneven number—3, 5, 7, 9 divisions—should always be 
adupted, then the number of sections will be an even 
allowing the terminal wires of the ¢ 

est from strili 

A slight cut for passing the wire is made in each 
division next to the tube, and the divisions should not 
be of more diameter than the coils they are intended to 
separate, ‘The winding is started at the farthest end, 
Vass one end of the wire under division 1 (Fig. 63) 
then turn coll and handle to the right and wind to 


appear on the top and 


within J in, of, but not quite into, the comer, because 
there the tendency of the spark to strike into the 
primary is greatest. Now varnish or the layer 
and wrap two tums of paraffined foreign post paper 
nntnd it, Wind, varnish, and cover the second and all 
following Inyers in the same way, Arrived at the top 
fof section 1, eut, and turn one end round the terminal 
‘on top of the cheek, join the other to the bottom end ia 
ection 2. ‘The joiut need nat he made there; you ean 
bring the twisted ends out and draw them thro 
molten solder ; double a bit of paper over the joint 

ind in, tuming to the left this time, Arrived 
the top, fasten temporarily, and pass wire end 9 inches 
through division 3. Wind and insulate sectio 
Jid section 1 by tuning to the right, Whi 


jas you 
i is fall, 
the top. Secti 

wound same way as section 2 and so on, the end of the 





wire in the last seetion being faxed to teriinal on the 
ight cheek. The odd sections are wound to the right 
and the even ones to the left. ‘The result of that will 
be the same as if all the wire were wound fron end to 
end in one ditection, outwards and inwards, without the 
wire ever crossing. ‘This is the only proper way of 
winding, 
It is probably the easiest 


no matter how many sections a coil may have 
ay of winding evils of 
The sections of very large and heavy 
coils are not wound on the recl, but away fiom it, 
soparately, and then pushed over the tube one after the 
th tightened by screwine on the cheeks after 
them, taking particular eare te joa the ends comin 
from opposite directions together, so that the resulting 
winding may appear as above 

Mr, Caplatal recommends 


pool of molten suller held in a depression snade in 


wing the joints with a 


8 pices of sheet iron placed in the form of bride 
over a spirit amp. ‘This is probably a1 most convenient 
niethod for soldering fine wires, Clean the tured ends 
with a bit of cmery cloth, twist then together te form 

rag joint, dip the juint i finely-jrovdered resin, then 
into the molten solder, ‘The joint nvay be costed with 
soft silk to complete the Insuhition, If the wire fs not 
Wound into the comer of the fest compartment, the 


vacant spies should be filled with waft esttun sunkedt fa 


paraffin, to level the surface fur wining on the next 
layer of wire Mr. Sprague recommends Inving the 
tube thickened at the enls, and the whole evil woand 
to take the form of an egg, to avoid the danger of 
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kang tarough from secondary to primary. It a taper 
sleeve is fitted uver the tube as previously directed, and 
the eail is wouad in thin sections, it will not be necessary 
to have the ends of the tube thickened. 

The following method will be found convenient for 
winding the sections of a large coil when discs of 
paraffined paper are employed for the divisions, Have 
the wire well suiked in paraffin, and the discs also. welll 
asted with the same material, Get a mandrel of metal 
mule to the size of the intended body of the coil 
bobbin, and fit on this two discs of polished brass, equal 
in diameter to that of the paper divisions, ‘These metal 
dises shoukl be iade to slip easily on the m: 
which should be smooth for a length equal to the 
ness of the intended section of the coil, but chased 
with a thread on each side of this smooth space, to Gt 
two ange mits A thin tube of ebonite or of paratined 
Paper is fist put on the smooth part of the manlicl 
thon the dises of paper, shen the smetal dives, snd the 
whole brac 

artmient this 


lightly together with the nuts. The eon 
ned is filled with fine wire te: fori a 
tion of the cnil, and each layer must be well busted 
with snelted pasattin, Whe this has been filled wit 
wire, the whole must be first warmed ty soften the 
paraflin, then naule compuct by tigliteningg the nuts on 
each dile of 


most be allowed 


metal dises. “This 


quite coat and hard, When 
quite cold, loosen the nuts and apply a hot icon to each 
metal dist until they come away fieely from the paper 
dives, leaving the coil supported by them alone, Nuvw 








ne 


vary the mandrel ont 4 af the ent ant slip 

this of lipped 

fon) the tube as alresely dineete in Me ine 
kon to fatve the 


Higeh sections ean thie n.d and 


wire of large evil a pest ite, boul as rej 
esin only ennployed in soldering them 
For dimensions of large sparks culls see Chapter V 

§ 39. SLEDCK Cols —In the application of electricity 
to the diagnosis and eure of disease, it Tes bea nl 
necessary to have the meas of wzulating the volune 


conductivity, continuity, ad 


tue well made and 


and the tension of the reduced current to the fraction 


fof an ampire and the fraction of a volt, Although this 
ceun be done by means of su ordinary m 

ator tube over the eure, or a sliding cor 

ther with a set of 
regulator of other form of rheostat, and a lifting arrange- 
ment for the battery plates, all these methods of 
regulating the current may be enhanced oF dispensed 
with by using the sledge form of cail invented by 
Dubois-Reymond, and shown at Fig In this 


resistances such as water 





fore of medical coil, the 
ange bobbin with 


hollow core eqpable of taking iv 


also wound on a separate bobbin with a hollow core, 


and is made to slide fr 


condary bobbin, The 


in the hollow core of the 
hollow core of the primary 
bobbin may hold a fixed core of iron wire, but 
t useful avhen fitted with a 

fy bobbi 

* long base board, and the 

rows of the primary wite are held in this 


standard, ‘The secondary bobbin is 
base made to slide a a sledge in runners attached. to 
the ban of the instrument, and the connectiny 
crews of the secondary wire are fixed to the sliding 
base of the secondary coil, The magnetic break is 
separate from the coil and is hell on the end of the 
inain base board, next the suppurtings standard of the 
primary evil. ‘The sliding core imay Be make to worl 
jn the primary bobbin at either end, as may: be decied 
most convenient. A paper or metal xeale of degrees on 
the sliding core, and on the base of the coil, will he 
finned useful in determining the extent of mover 

he coil amd core. ‘This instrument must be well made 
fied to ensure proper working, as all the 


Parts should work with each other freely but not 


loosely, These mstruments command a price ranging 


from twu to five guineas. 
Th. same principle of regulation may be adupted i 
making small spark coils, if so desired, but a coil cone 





structed fa this way i inferfor to a feed spark soft of 


of air space between the two bebbing of the coil and 
the rogulating ¢ 

40. Gairre's SLIDING Colt. —Another method of 
regulating the euirent is adopted hy A. Guill, of Var 
Irisan 


coils mite to slide aver ‘andl over the prinnyy 


ilical call of toro powers haviayy two secontary 


coil, which fs fixes sand contains a fisext ene, The cone 
rome ie srarked hy: the maguetiaan 


A hattury of two persulphate of 


mercury oF ef chluriete a 


heat bax with the evil, and is couneted to the privnary 
5 of Nesible wires and metal plugs which 
iekets on the eye of th 
ine) of the primary. The 


evil by me: 
fit arto metal connecting 
box and on the supporting 
price of this instrument ranges from 1 to 5 guineas 
Gaitfe's pocket medical coil is shown at Figg 6 
SEVERAL 
Reymond sledge coil, and the Gaitfe Sliding Coil, 


mentioncd in the two preceding sections, may be 


} at. COWS OF Pownns— The Dube 
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regarded as coils constructed tw give a current of 


varying power, and will (ul6l all the requirement ef 
meslieal practitioner 
There is, however, another m 
ing and controllable current, employed 
street coil hocking coils met with ab street 
couners, at furs, and at Dazaiars. ‘This method consist 
iy th 
at Higgs. 1g and 15, 12. Gob 


oct of obtaining a vary- 
by makers of 
at is, th 

oil anne 


with the secondary 
of ths coil divided into soverad ports ae laa at 
y-cuil may consist of 
wine alittle smaller than that emplayed i the primar 


fit 13.0 G5. ‘The Grst secondar 


coil; the west of sinaller wire still, andl so on for as 


ay in the followinng 


layers of 


wand one over th 


wuiny cnile as the powers desired, 
one a ah, 3 3 Af 
each sige will snficeand the eo 


Iuidedd inv the series 
The method 

The first 
testa amanner, as 

ind the 

form a comecti 
Uf only one ai 
in the various powers, it will not be 
necessary to cut the wire, but it should be brought out 
to the length of foot anc doubled back on itself to 
form a loop, then twisted to form a cont of two strands, 
‘The end of thi 
connection between the coil and tenninal 


Whe pirinary coll any be 
Ives at Fi 
an comnecting is a follows 
cum on fi th 
described in preceding sections of this Look 
end of the last layer brought out t 


with a binding serew of terminal 


ccnmlury evil is 


wire isto ben 


will be bired and cleaned to form a 
Alter wind 





m INpucrion carts. 


ing on enough wire to form the second power of the 
coil, the same method of making connection must be 
repeated, and so on to the end af the coil 

If wires of various sizes are employed, the first size 
is wound on, the end brought out, and the surplus cut 
off; this end is marked as the first power. A little 
piece of the wire at the first end of the last layer is 
bared and cleaned, and the starting end of the next size 
of wire, to form the second power, is twisted arowmnd the 
cleaned part, and 1 to! fon a junction with the 
Fit power. ‘Tha eecond sie of wire ix wound on over 
the first in the same dlirection, and the finish end treated 
in a similar manner to that of the first power, but 
marked as the secar power of the coil, The renain- 


nivers of the coil are treated in a sinsilar manner, 


The finish end of one power and the commencing end 
of the next power may be 


sted. together to form 
4d, and the connection between the two nade un 
the terminal screw if lesieed Care must he taken to 
insulate each joint with yracaffined cotton or sill: before 
winding the wire, In mounting sich a coil, the ends of 
the varions powers are brought dawn through the bs 
of the instrument wieler the coil, and there connected 
to the tangs of studs arvange in a-semi-circle on the 
table on which the coil is mounted, ‘The studs are 
humbered to correspond with the powers of the coil, 
and acranked switch makes contact with each stind as 
required. 
G42 Tue Pectvesere Isoveriow Cou 


iMustiates a speckal tur of tnulvetion gail mn 





THE PYKE-RARNEFT INDUCTION vor us 
Messrs, Woudthuuse & Rawson and named. by the 
tne # Pylee- Barnett flame spark fon aceuunt of the 
Hametike elaexter of the sparks obtained from the 
points of its dlischarger. ‘This coil may be rege 
as an ordinary inducti 


coil mounted in vertical 
position, with i 


upper end impruvised as a plat 
form for the contact Iweaker, ‘The 


oil is. somen hat 
acter and thicker than the 


coils, but does not differ in any’ other way frem these 


The eenitact breaker + theotume 


features whic : 


Jnce they tend to 
at the breale and al 
rapil action of this part 
an clectroan 

of wire 


demand attention, 


The hammer is worked! b 
act in shunt circuit with the primary coi 
he’ primary circuit is broken by 





' INPLETION COILS, 


springs and study fnstesd of une, ns in the anal form 
of contact breakers. When the coil is at rest, both of 
these are in contact and keep the primey circuit closed, 
On connecting th ih the lattery, these contuets 

Fsgitly sand iustantanemrsly separa tial by’ the vibra 

hammer, which opens cach alternately. “The follow 
Jeseripain af the action of thie patent antamatie 
English 


mnie of Nov. 7th, (88), atl ix iMusteated by the 


dk is given by My Perron-Mayenek: in the 


aceunpanying diagrams, Figs and os. ‘the 


fires represent tw patterns of this patent automatic 


break, and are copied in part from the specification 
drawi 
Starting rom left-hand bottom terminal (1), on 
circuit gout viA cont fh armature and miygnet 
to testinal 4 fe aia ordinary make 
and break” and is connected ays as a shunt circuit to the 
battery, the main circuit going frou nal 1, vil 
contact C terminal 2, to primary coil and back to 





OILS CURIOUSLY MOUNTEL a 


battery trough terminals 2 and 1. Tneach gue the 
armature carries ahook or stud %, which is insulated at 
the tip, The vibration of the armature causes thi 
to automatically open the main contact €°; in the firse 
67) bya pull gin the sncond (Tig, €) by a push, 
The emndenase is joined to terminals 1 and 2. fh the 
Pyke-Bamett coil the discharger is mounted vestically, 
on the site of the coil 
$43. Cons CuuoUsty MousTEn—tn the en 


ection of Mr A, Caphatal may be seen few curiously 


tneuted evils, On 
jure coil on the neck of an onlinary bottle Uiclns 


Aw ehonite collar rests on the bully af 


mate: battery 
the atte, 


1 this bears four brass pillars supportin 
an chonite platform containing am 
breaker, the platform forming the upper cheek of the 


ctic contact 
scconxlity evil. Inside this is the primary coil, wound 
fon the neck of the bottle, ‘The usual lifting a 

ments for the plites pass throw 


iting ta the contre of th 


ami ebonite cover 
platform. No possible 
wained Fram thie fi Ie is 
merely a whimsical arrangement to insure compact 
ness for ot In the 
may be seen coils inserted in the backs of hair brushes, 
‘The brush has metal bristles inserted in 

which are insulated from each other. 

bristles ts 
wet to the opposite terminal of the The bick of 
the bexsh is hollow, and divided into two ccmpart- 
nents, cre of which contains a very small induction coil 


we in a bow. same collection 


ted to one terminal 





mounted in ivory, and the other a very small chloride 
of silver buttery, Similar small coils, worked with 
chloride of silver bat hhavie been inserted in the 
hallowed handles of walkingsticks, Some of the old 
forns of gas-lighters were thus constrict 
running along the sides of the stick conveyed the induced 
current from the coil to wwo platinum puintsat the end of 


two wires 


stick, Uy pressing «stud in the handle, the battery is, 
svvitchedd on to the coil, ane a spark passes fron one 
Phaticwm point to the uther Many other anetleals of 
mounting ceils, tr serve the faney uf the makers, oF te 
Suit sirious purposes, aiieht be anentioned, but these do 
riot alfect the working uf a coil if constructed on the 


eady laid down, 





CHAPTER VY, 
SOME FAMOUS Cot 


44 Mi.Srkague’s Lis or Noren Cems —Mr, 
iague wives in his book, "Ilsctricity + Ita Thevry, 
Sources and Applications,” the following list of noted 
coils 


1. Aluenkorff has constructed some, containing about 


sixty miles of secondary, which with one Bunsen cell gave 


34 in. spark, and 16 in, with seven cell 


dia. the wire covered with gutta percha s (inch), 
thick ; the primary, o yaue, 150 feet in 
The secondary in three cylinders, each s inches. long, 
male of gutta percha i (inch?) thick; the wire of 
middle ge, 22,500 feet long ; the «thers 
33, each 25,575 leet. There are three condensers, of $0, 


we layers. 


Yoo, and 150 fect, capable of combination. With five 
Bunsens, each coil gave a spark of 5 inches; the three 
gave 12} inches 

3: Siemens and Halske—Made with a 
Partitions of sheet ebonite, containing 8o miles of second- 


ary, and gave sparks from ¢ to 2 feet in length, 


number of 





IwpUCTION COrLs. 


onal 5.200 turns, fsaated with gutta 
vue und parained eer, ro$ ane in length 
nd To} lx ie weight; condenser, 66 sheets of foi 
‘ith parafined paper, With five Grove clisit 
inches spark 
Lait. Core, 1 foot Yong, 18 tach diameter 5 
Fontes No. 35, in layers from end to end, each sop: 
cet 
6 niet fo nl 0 fe 
Throf ebone. The con, § fet long, af No. 16 
i inciee diameter, 133 lis. The primary, 645 
of 135 (gs) 4270 gars. king Gop carne 





AWMARRS ON MB. SPRIGUES LIST OF Cults. ys 


cells. Particulars of a series of experiments with this 


coil are given In Tie Chemical Netes, Sept. 24th, 
1865. No. 513 

§ 45. REMARKS ON Mn. Srracur’s 
Norep Coms—t. The information given here is im 
Perfect, as it leaves out the size of secondary wire, but 
all other particulars respecting the construction of the 
coil show how the spark can be increased in length by 
Increasing the number of cells, 

2 Gutta percha fs bad as an i 
hard and friable with a 


uulator since it becomes 
ge. The cylinder method of 
dividing the secondary is not nearly 30 effectiveas that 
of the dise method ; but a 


ye adlopted where « coil of 
three prwers 


sjuired, exch cylinder bearing a 


separate coil, In this form three condensers were 


desirable, Tt will benoted here, thatone coil gave asp: 
f § inches, but the three when coupled 
a spark of 12} inches, oF less than § x 3. 

3, One wiskes to have had snore 


this coil, which appears to have given sich 


information about 
nd rests, 
apparently: due to improved insulation of th 
wire by jurtitions of shoot ebonite 
this coil are given in the nest secti 
4. ‘This appears to have been a gond evil, 
Rood rests, 


Further deta 


rhaps the member of cunidenser sheets 
might have been increased with aulvantage 

5. Although tere again gutta percha tissue i used 
the obtained results are good. ‘The gauge of the 
primary was large for a foot coil, axl might have b 


aflined paper should be used alone at 
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inswater De, Robinson's coil shows hhww the fength of 
sparks ean be ins by increasing the number of 
cells, This increase must, however, be nade cautiously 
and should proceed cell by cell, special eare being taken 
when a coil ig not divided into compartments or the 
insulation may be peeforated by spark 

6. This monster coil, being mnade: by one of the bes 
cnil makers in England, calls for my remarks from the 
author, except that of admiration, f 
performances, The subsequent break-down of thi 
coil has been attributed (by Me, J. W. Urquhart) to 
defective insulation conseyuent upon the use of gutta 


rercha tisstue as ats insulator,’ Wut Me, Apps assures 


ne that yatta pevelis was not asd as an inset In 
a letter to me he says: "With reference to gutta 
percha, there was nat an atom of it used in makings the 
coil, The piercing, of the tuby was cansed by anervons 
operator letting the discharyin fall on the tube 
when connected with the (6 jar Leyden battery. 1 
slipped the three tubes around so that the oles were 
hot opposite, and all went on as well as before. There 
was no failure (proper) of the Polytechnic coil at all, 
the very unimportant piercing of the primary coil tubes, 
at one end having heen magnified by competitors in 
the trade to state falsely that the insulation had failed.” 
In the Electricion of Aug. 21st, 1801, Vol. Xxvit 
p- 433 Dr. J. A. Fleming thus describes the Volytech 
nic coil built by Mr, A. Apps: " The secondary of 
coil was 150 miles in length, The diameter of the wire 


+ Dain and Work VO. iy B70 





was ‘014 Of an itch and it was sille-coserel 
scoundary wire was wound in groove ue 


width 1 200i number. “The iron core ‘ 


as a Lune 
hing 123 Ihs., 
wimary bobbin weighed 


and about 5 ft in length. Th ‘ 
145 Ibs. and consisted of 6 


wire ‘095 of an inch in diam 3.770 yan in 


length. ‘The secondary bobhin when complete 


fad 
‘ N of 4 R10 fe 
he inary ell was insulate! athe setae 
by an eunite tube, Excited by the current hela ga 
lange unser cell, this eo woul \ 


external diameter of 2 ft. aud a len 


yin in het, snd could fa a Taw soconle ch 
' nee fet a eter 

blocks of glass § in, in thickness et 

$49. Mk, UkQUUIART'S List OF Nove Cons 
In a series of excellent artick itil vm 
nt articles coniebuted to 2 

and Work, Nal. vitty by Me) W 
futhor rests Mr. Sprague’ li, 


remarks of his own 


66 Leyden jars, exch Waving 11 


custteal surfince 


Urquhart, this 
ind adds to it a few 
The instruments of Messrs, Siemens 
and Halske receive commendation from him : “ Thetr 
method of building is based entirely upon the multiple 
division system, and some of their coils cantainas mich 
as 80 miles of secondary wire, Th 


divisions are of 
ebonite, as many as 150 being fr 


equently placed upon a 
‘This tube is shaped so 
as to present a thickness considerably greater at the 
ends than at the middle, and upon it the dividing dises 
are placed at right angles." 


coil having a tube 2 ft. ton 


Mr. Urquhart gives the 





us INDUCTION CONS 


derails of Siemens! and Halske's coil mentimed by 


Mr. Spe 
Gogtegr—=No. 48) in diameter, and os cent?metres 


(740245 inches) long, form the core, which has a 
diameter of Go man, (2°3562 inches). “Two layers of 
Nos. 13—14) dinweter 
fortn the primary cvil, which is wottnd over the cone § 
the pair weigh tuyether 35 Ibs. ‘They are placed ta 
tube of best ebinite 26 mm. (oz 


incl) thick 
ak the emls, aml 12 mun. (47124 inch, oF nearly 
in.) thick at the wniddhe Alanyy this tube aso. thin 
are fixed! at equal interyals, andl the 
tends are coverce with thick dises of the same material 


dikes ef elvan 


Hach sub-division between the small discs &s filled with 
fa coil of silk-covered and varnished copper wire, 
(014 mam. (0054975=NO? 4: 


ae: emmeetest in ser hat the eurrent Mow from 


the cutside te the inside of eae compartnent, and frat 


the inside to the antside of the next, in order that no 
two portions of wire at greatly different potentia’s may 
ever be ip close prosimity. In length the secondary 
wire ig 10,755 metres (11,755 yels.), and it makes 299,108 

turns around the eylinder, The weightof th 
coil is about 58 bs, With a tattery of five tar 

for Bunsen cells, the sparks are nearly 2 ft. in length, 
Many coil makers prefer this inultiple division plan 
two discs only, for the 


is nearly impossible to break such 


to Ferguson's plan of one 
reason simply that 
a ceil down, Insoine cases, as will be seen, the plan 


advocated by Fergusson may orove best ju careful hands, 





anid a larger spark may result from a few miles of w 


bbut the liability to rupture is so yreat, If the col 2 


long spark, that Siemon? plan carried out with 
paraffined divisions, instead of ebonite 


lites, proves the 
est for general us 


G47. Avis’ Lanck INpUCTION Corts: 
of coil makers in England, and pechaps of coil makers 
universally, is Mr. Alfred Apps, who carries on the 
business of electrical, optical, mathematical and philo- 


sophical instrument maker at 433, Strand, Loatdon, WC 
Since th 


The prince 


year 1867, when he patented sone fiiproe 
ments in induction enila (Hritish specification, No. 4 
Jan. 24th, 1867) he has devated particular 


the production of kaye coils, and has 


nile some of 
the most pawerful induetion evilsin existence, Ta a8eg 
he built the large Polytechnic coil described in § 45. 
He next made a large coil for the late Mr. W, Spottis: 
woods, FRS., of Sevenoaks, whieh was nade on the 
same Hines as the Polytechnic enfant ycave a spark 18 
inches in length, In 1876 he inteodacell several improve 
ments in the manufacture of spark eoils whilst building 
the colossal induction coll known as the Spottiswoode 
coil, this being built to the order of Mr. Spottiswoode, 
“This coil is described in the next section, Several 


spark coils were then made by Mr 


Apps among thein 
being one for the Framjce Kawasjee Institute of 
ombay, in which, by particular attention to insulation, 


he so far increased the power of spark coils as to get 


11 in. spark from a coil 8! in, in length, or a spare 
34 in, longer than the bobbin of the coil! Varticulirs 
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of six coils matte on the same sete hy Mr. Apps for 
Lord Armstrong have buen published in the Elect ico, 
Vol. XxVIL, p.435. The measurements of these coils 
length of primary bobbin, 9° in. inside diameter, 
outside diameter, 2 in, ‘The primary coil cons 
sts of $1 yards of squire No, 4 18 W.G. eopper wire 
wound ia four layers, making 365 turns and having a 
resistance of -32 ohm, ‘The length of the secondary 
bobbin ix $1 in, interior diameter 3é- in., and exterior 
diameter 5/5 in, The secondary coil consists of 7 ths. 
1 02,7 drs, of -a06q (about No. 39) silk-covered copper 
wire, measuring 8 miles 25 yanks, It makes 4142s 
turns, and has a resistance of 12,500 obs, Each coil 
is furnished with a condenser diviled into six parts, and 
is capable of giving a spark from tof ta 11 in. in 
length. The most effective primary current for thi 
coil is one of 12 ampires at a prestuce of 10 volt 
Dr, Fleming remarks that the details of the processes 
by which these remarleabl 
have been 


jevements in insulation 
ptained, are of the nature of trade secret 
but generally it may be said that the greatest preeau 
tions have to be taken to sectire such good restlts 

§48. THe SrorriswoonE Coui.—This remarkable 
coil, made by Mr. Apps and illustrated in oar frontis: 
piece and at Fig, 69, is thts described in the Maifovophecal 
Magazine tor January 1887, p. 39, by Mr, Spottiswonde 
himsell 

“The general appearance of the instrument is repre 
sented in the figure, by which it is seen that the 
coil is supported by two massive pillars of wood, 





TUE SrOTTISIWOONR cort. ut 


sheathed with gutta-percha and filled in towards their 
upper extremities with paraffin wax. Besides these two 
main supports, a third, capable of being raised or 


lowered by means of a screw, is plac 


J in the centre, 


er to prevent any beading of the 
cumbent mass ‘The wh 


frame vesting, on castors, 


reat superin« 
stands on & mahogany 


The coil is furnished with two primaries, either of 


which may be used at pleasure, Either may be replaced 


wo men in the course of a fe . 
The one to be used! for long sparks, and indeed fer most 
experiments, has a core consisting of a bundle of iron 
wires, each “032 in, thick, and forming together a solid 


eylinder 44 in. in len w 3°5695 in. in diameter, 


Tis weight is 67 Ibs, ‘The copper wire 


wal in this 
primary is G60 yés. in length, “ou6 in. in diameter, has 
a conductivity of 93 per cent, and offers a total 
resistance of 2°3 ohms, It contains 1 





Property at 
tab 


gly in six layers, has a tutal length of 42 in with 
an internat diameter of 375 in. and an external of 
475 in. The total weight of this wire is 55 Ths: 

The other primary, which isintended to be used with 
patturies of greater surface for the production of 
short thick sparks, or for speetrosenpic: purposes, has a 
core of iron wires ‘032 in, thi 
44 in, long and 3°8125 in diameter, ‘The weight of thi 
core ix g2 Ibs. The © that in 
of 504 yon 


i, forming a suid cylinder 


pper wire ts sin 
the primary first dleseribed, nt it con 
wound in double strand fariing (hee pains uf lay 


whose resistances are “ISL, 211, [231 olin respectively 
Its length is 42 in, its external diameter 5°5 in, aud its 
internal 4 in. Its weight is %4 Ibs, Ry a somewhat 
novel arra these three layers may be used 
either in series as a wire of “192 in, thicknes 
together in threes as one ¢ 
should, however, be aulded that, owing to the eurmon: 
strength of current 
and to the highly insulated 
overcharged 50 as to fuse th 
is best adapted for use with secondary condensers of 
large surface, for spectrum-analysis, and for experiments 
‘with vacutin tubes in which’ it is desirable Lo produce a 
‘eat volume of light of high intensity, as well as of 


ng duration at a single discharge: 


or conpled 
376 in, thickness, 1 


Nich this ie eapable of carrying, 
onary coil being possibly 
wire, this larger primary 


‘The alternate dis- 
harges and Raming sparks ean also be bev 

by this primary. It has been used for sion 
sparks to 34 in. in air, the battery being 10 cells c 


Grove's with platinum plates Of in, x 3 in, Great facili 





INE SPOTTISWOODE Cott 


ties for the use of different sets of batteries are afforded 


of this primary into three separate 
used together or separately : and. by 
rangement of automatic contact breakers the 
primary currents may be made to follow in a certain 
order as to time, duration, and strength, with eects 
which, when observed in the revolving mirror, with 
doubtless lead to. 


by: the divisi 
circuits, to bi 


portant results inthe study: of 
“The secondary consists of ne less than 280 miles of 
wire, forming a eylinter 37°5 in, in length, 20 in, in 
exterml and 95 in, in interial diameter. Its eon 
ductivity is op per cent,, and its total resist 


The whole is wound in faite seetions, 
the diameter of the wire used for the two central 
ect 95 in, and those of the tye external 
beings 08 110 in. respectively, The object 
ff the inert hickness towards the extremities uf 
the coil was to providle for the accumulated charge 
whieh that portion of the wire has tu carry 

“ach of these sections was wound in flat discs : and 
the average number of layers in each dise is about 200, 
varying, however, with the different sizes of wire, & 
The total nuinber of turns in the secondary is. 34 68 

“The great length of the wire necestary ean be easily 
understood from t 


of the coil 


© fet that near the exterior diameter 
single turn exceeds § ft, in length, The 


park, it is believed, ig due to the number of turns of 


wir, rather than to its length, suitable insulation being 
preserved throughout the entire length, In order te 
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ensure success, the layers were enrefull 
mately and then in sets, and the 1 
Tipadaon, In thie way it was hoped that stey by 
ep save progress wuuld be made, Asan extreme text 
as many as 70 cells of Groves has been used, with no 
whatever to the insulation. 
squire for this cofl proved to be 
ach smaller than might at first have been expected 
‘Alter a varicty of espertinents, it appeared that the 
mont suitable afi fe that asseilly enaployed by the samme 
maker, with a 10 in. spur 6 shouts of tin 
18 in. x H2s in. in suirfre, separated by two 
thicknesses measuring 0/1 it, ‘The whole contains 
shects of paper 19 in, xy in, im surface 
"Using the smaller primary, this coll gave with Bi 
quart cells of Grove a spark of 28 iny with 40 simi 
Gaile one of ggin.,and with go such cells one of 37°5 iM: 
and subsequently one of 42%. As these sparks were 
Mbtained without difficulty, it appears not improbable 
that, if the insulation of the ends of the secondary were 
carried further than at present, a still longer spark 
Tnight be obtained, Wut special adaptations would be 
required for such an experiment, the spark of 42 in 
already somuch exccesing te length ofthe secondary coi 
e When the dischadging points are placed about an ineh 
apart, flowing dischange is obtained both at making 
ve the primary cirenit, ‘The state which 
secompanies this discharge implies that it is inter: 
inittent, the time and current spaces of which fave mot 
as yet been determined. 


“With a a8in. spark, protuced by five quart cells, 


block of flint glass 3 in. in thickness was in some 
Instances pivteeal, in others buth picreed and frxctured, 
being invariably flint glass. If we 
‘mate from this result, the 42 in. spark would be 
block 6 in, in thickness, 
When used for vacuum tubes this coil gives lumina 
extreme brillianey and very tong ditniliy 


With 29 to 3o ells and a slow-workiug mercury brea! 


the Fractured py 


capuble of piercint 


fnute, the steiee List tony 
forward anid backward motion to bi 
peecived directly by the unassisted eye, The appear= 
ance of the striae when observed ina revolving snintor 
‘cribed in the" Proceedings of the Royal Society,’ 
Vol. 2XV,, ph 73) Was unprecedentedly vivid, and this 
even when only two or thrce cells were employed, 
Further experiments have shown that with such lange 
nits only the newly-discowersd effects of wry high 
teinperature-combastion or velatitisation ean be pro: 
duced. On exciting the primary of the coil with a 
suitable dy Jectric michine, or battery, and usin 
A large Leyclen jar in the secondary citemit (according, 
to Sir William Grove’s experiment), the electrical 
discharye passing between electrodes plaeot before 1 
slitol the speetroscope, lines and bands may be observert 
to advanen and recede accorling to the variations made 
fin the magnitude of the exciting discharges. As the 
iimespheric presstire may’ be assumed to remain con 
stant, these effects are probably due to differences of 
temperature arising from the action of a greater or 
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smaller extent of electrical effects on the electrodes in 
a given time 

§ qo. ONSERVATIONS ON Noret Coms.—In a series 

articles on the Historical Development of the Induce 
tion Coil and Transformer, published in the Electrician, 
Vol. xxvit, Dr. J. AL F mentions other noted 
coils of more or loss antiquated design, “These are of 
some interest from an historical print of view, but 
description of them woul! be matter outside the senp 
of this book. ‘The waited coil alrenty described in 
preceding scetions will show the reader what has been 
and can be done in the manufacture of large coils. It 
Will be scen that the best material for the tubes, 
and dividing dlises of 4 large spark evil is echonite, 


Hest method of insulating: the priary from the secem= 


dary is to enciose the prinsiry and core in a tube of 

ebonite on which is wouml the secondary coil. The 

best method of preventing Lateral and vertical internal 
ing b iis af the secondary is toy build 

this in thin divisions «or comprtin 

from each other, A high state of insulation Int 

obtained by immersing the finished coil ina bath 

ted! paraffin amd alleavinyy it to remiaim theretn until 

quite permeates with this insintating: sul 

insulating properties have alsa beer 

losing the finished enil in a suitabl 

with a heavy mineral oi, the vessel forms 

containing eave for the instiument, It 

olstiin sparks with a higher ratio of Feng thant 1 in, t 

cach mile of wire, if great care and skill is exercised in 
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insulation of thewire, When wire is highly insulated, 
and special care taken in arranging and connecting the 
divisions of a large coil, it is not necessary to increase 
the area of the condenser in proportion to the increased 
ize of thecoil. This isseen in the famous Spottiswoo: 
coil, which only required a condenser suitable toa 10 in. 


Surk, even when a.42 in, spark war obtained from the 
wecondary Wire, 


SSE 





4 syitable current 0 
Hectrivity obtainable from any available source 


erally workel witheurrent obt 


confused! idea of th cn a coil and a 
rake sntters clear 
that the battery 

tht uf boiler 


Tucks without battery 
stoned in the sm 
Will not drive Inachinery, 1 ine without a boiler, 
either will a battery alone give those sho 
from a battery and coil conbit 
teil be of any use without a battery to work: 
the battery is the source of power. 

ed in the mind, we will go further 
battery necessary 


This being estab: 


y to get effcets from a eail, 


SUITARIE RATTRRIBS © os 


but also a suitable battery must be selected to cach 
variety and size of coll, This instrument, like all ether 
lectrical instruments, can only be efficiently wo 
when supplied with current of a suitable strength If 
the primary cirenit of the coil offers a low resistan 

the current, as in the ease when a short thick 
employed to fonn the primary cuil, the ba 

also have a low internal resistance and be capable of 


fumishing a large volume of current, If the prima 

circuit offers a high resistance to the current, as when 
the primary coil isa long thin wire of many tums, 
nay eanploy a battcry of high internal resistany 


this case a large volume of eurvent will 


1 be required, 
ut the FM. F, or pressure of the current should be 
high to overcoine the high resistance of the circuit. We 
may employ a batiery having a low internal resistant 
on a circuit having high resistance, but should not use 
n battery having a high internal resistance on a cireuit 
with a low resistance, In 2 choice of batteries, come 
regant must be paid to the nature of the wark done by 
the coil. If the coil ix ta he worked continuonsly 
through long periods of time exceeding, a quater of an 
hour's run without stoppage, a battery of the constant 
current type will be required, If intermittent action of 
a feeble character only be desired, the battery cells may 
be small, If continuous anel strong effects be required 
as from a large spark coll, the battery must 
strong cunstant ctirrent, and the cells have 
capacity 

When the resistance of the primary circuit is low, 
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anit the volume of current reine should be large, we 
must employ large battery cells, having a fow internal 
resistance, of eoincet the cells in parallel, which will 
have the same effect, Cells are connected in 
form a battery, when all the positive elements 
zines) are emmected te one leading off wire, and all th 
ive cluments to anather wire 
When the resistance of the primary circuit is high, 
and we wish to punsh the eatrent smartly through this 
high resistance, we must increase the IM. F, (electro: 
motive force) of the battery by connecting the cells in 
series, Cells are connected in series when the positive 
clement inv ne call is conncetedl by: a enpper wire to the 
negative clement in the west cell, aml the pasiive 
ni cell ta the negative element of 9 
third, and so on, throvgh the series of cells, 
The following Hist of well-known batteries, given in 
onder of merit, are suitable for working large induction 
Hid Chromic Acid, 


coily: —Grove, Bunsen, Sing 
Single-uid Bichromate, Double-fuid Cluonie Acid 
and Double-fhid Hichtomate batteries, These are all 
of the constant ewvent type, giving full volumes 
current when large cells and large clements are 
employed 

The following list of well-known batteries, given in 
order of merit, are suitable for working small spark coils 
or large medical coils ;—Single-fuid Chromic Acid or 
Hichromate ; Large element Special Leelanebé ; Smee: 

sner and other dry batteries used in clectric-bell 


‘ork, These lust give a fair volume of current for short 





THE GROVE BATTEAY 1s? 


periods of time varying with the sive of cell and fresh. 


ness of the charge. The volume then falls, but may be 
restored by a short period of inact 


The following list of batteries, given in order of merit, 


may be employed in working stnall medical coils and 
other small inducti with a primary circuit of 
high resistance -Leclaneh, Gassner aad other 
batteries, Mercury Persulphate, Chloride of Silver, All 
the batteries above-mentioned have been constructed 
in many varieties by various makers, who have given 
theirnamesto special modifications of the batteries, [tis 
almost impossible to make a correct list of all these 
ioddifieations, zome of which consist only of a mcebanical 
device for connecting the clements, or a special shape 
to the cells, oF the addition of some salt of mercury to 
the exciting solution. Some of these varieties will be 
mentioned in the following description of batteries, as 
they approximate to well-known types, 

§ 51. Tu Guove Bartesy.—This battery, invented 
by Professor Giewe, consiits of a composite cell containt= 
ing two clemente i two distinet fui, separated from 
each other hy a porous enrthenware partition, The 
‘outer cell may be of stoneware, porcelain, or glass, of a 
shape round, square angular, and a cxpacity of 
feom one pint to one oF two gallons, This cell contains 
the positive element of the battery, which tmay be a plate 
or acylinder (as shown at Fig. 70), or a bent strip of 
thick sheet gine well amalgamated with mercury, in. 
mersed in a solution of sulphuric acid composed of o 


part acid to eight or more parts of water up to fifte 





rts, The ell alo contains another smaller ell of 
Leaked where it ts en. 
Thepltesof tne 


thosed by the ine cylinder, ob 
Tenner el sade of pans 
resembling. that employed nth 
tnd gardeners! Nowe pots, wit ite shape and size suit 
Sbleta hat of the outer cell. This porous eell contains 
qrshest of platinum fll immerse in strong. corm 

iii acids A connecting stip of ne oF other metal 


manufacture of tiles 


protrudes from the top of the positive element and is 
bent over the top of the 1 
the porous cell and forms a support for the plstinum 


t cell, where it overhangs 
foil. The fofl is clamped to this overhanging part, and 
isthus connected with the positive clement of the next 
cell in series, ‘The Grove cell hasbeen largely employed 
in laboratories and ly experimenters needin 

current of electricity, ‘The KM. F. of its elements is 
199 volts, and the internal resistance 


low when large 
elements and large cells are employed, probably about 


0.20 ohm. 
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§ 52 Tne BuNseN Barrery.—This battery, in 
vented by Frofessor Bunsen, consists of a composite cell 
containing two elements in two distivct fuids, separated 
from each other by a porous earthenware. partition, 
‘The outer containing cell and the inner porous cell aco 
similar in every respect to those employed in the Grove 
battery just described, The positive element and th 

solutions in both cells arealso the same, It differs ouly 
from the Grove in having a plate or cylinder or bar of 
raphite, that is, of hard carbon similar to the scurf 
carbon obtained from gas retorts, In the older forms of 
the Hunsen cell, this carbon wae moulded into the form 


of a cylinder, but, in the moremedler forms, the earbor 


(negative) element is in the form of a square bar from 
1 to 2 inche 


quare, and of a length suitable to the 
height of the cell in wiich it is used. Round porous 
cellsare employed to suit this form of carbon, Plates 

» nay be enployed if square or rectangular 
porous cells are used, A. 
than platinum foil, the Bunsen ean be set up at less enat 
than that of the Grove buttery, Connection with the 
Clements is made with brass clumps sold for the purpose 
to suit the thick ctrbon or the thin zine plates. (I 
shows the round form of cell, and Figg 
buttery of six Mat cells) The FM. bi 
is from «80 to 86 volts, 


73 shows a 
of its clement: 
according to the strength and 
contltion of the solutions. ‘The internal resistance of 
the cells is slightly higher than that of the G 
may be put down as 030 ohm. 
Munsen 


-e, atid 
Both the Grave and 


though powerful and constant batteries— 





10 wwrvcr ies Corts: 


have one objectionable feature which prevents them from 


being general favourites, They both give off nu: 


and poiscnous fumes of uitias oxide whilst at v 


1d this makes their presence intolerable in a room or 
‘orkshop untess placed In a fue closet well ventilated 
to carry off the objectionable ¢ 

§ 53. Tits Dovnne-FLor fieneomare Rarreey 

This battery differs From the Bunsen only in the de 
polarising solution, that is the solution surrounding the 
hewative element. Ip fuet, ff we empty the porons cell 
of nitric acid, and fll it with a solution of bichromate of 
potash, we shall convest the Hinson at ofice into a 
double-fluid bichromate battery, the other fluid in the 
outer cell being the sume as that employed in the 
Yunsen battery. “The bichromate of potish solution i 
miade in the following manner: * To eight pints of water 
add two pints of sulphuric acid, ‘This mixture will get 


very hot. Whilst the mixtufe is still hot, stir into it 
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slowly one pound of finely powileral bichromate of 


“ Flectropoin 
employed by Messts, T, Gent and Co,, of 
ter. When this solution is freshly’ mad, it actsas 


Use when cold, This is the 


an energetic depolariser. When its action flay, it may 
be revived by adding a small quantity of nitric ac 

Bichromate of potash solution is a Gairly good depe 
uriver, and does not give off nitrous fumes whilst at 
work. In this property it is superior to nitric acid, but 
is not oduurh 
We is wot 


aid the odour is objectionable to some 
persis, Jecanly in workings as nitric acid, 
for it stains the cells and connections witha dirty brown 
mind, and deposits crystals at the bottoin of the porous 
cells 

§ sy THe Funene Ivrreky. 1 we reverse: the 
wsition of the elements i a doubleAuid bichromate 
cll, placing the zin: in the 
in the larger outer cell, we obtain, another modification 

the Bunsen, ‘The battery avented by Mr. Fuller is 
constructed on those Hines, The zine element may be 


in the form of a bolt with a lump like that of a dumb 


nus cell and the carbon 


bell at its lower end, ora cone with a connecting wiee of 
enpper cast in its apes, The for faump of xine is 
plieed in th 

‘The cell is then filled with a dilut 
tion, or with a mercurial solution, of (ia some of the 
weaker forms of this battery) with water only. The 
negative clement in the outer cell may be one or two 


rod with mercury, 
wiphuric acid salu 


plates of carbon, The cell may be charged with a 
saturated solution of bichromate of potash made acid, 
* 
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with three ounces of acid to each pint of solution. As 
the zine clei in apo! of mercury, 
it is Kept well amalgamated, and dues not waste away 
when the battery isle, “The battery is therefore use 


fal for occasivnal nx! intermittent work with small eoils, 
The E. M. Feofeach cell is abut 1°50 volts, but the 
internal resistance is higher than that of the ordinary 
double-Muid Lichromate battery 

The GRaNuLe RAvreRy.—In the year 1877 
it oceurred to the author and his brother, that the oni 
nary Lichromate Hansen might be considerably: ine 
proved in paint of cwistiney by exposing avery lar 
noygative face wijh carhow to the bichrouat 
solution. We therefore formed i cirele of carbon Lumps 
around the porows cell, and connected these together by 
1 ring of lead to form one large negative clement. A 
bolt of enst xine was employed! in the porous cell at frst, 
but we found that the i MF. of the battery was 
considerably less whet using east zine than when strips 
of rolled zine were sel ais the positive element. We 
therefore had some vine cylinders made to yo in the 
porous cell, and fownd these aur improvement on zine 
bolts As we were tronbled with a deposit of crystals 
from the vstta bichromate solution, weacidulated it with, 
muriatic acid instead of sulphuric acid, and employed a 
solution of chloride of zine in the porous cell with the 
positive element, ‘This battery yave excellent results, 
and proved to be very powerful and fairly constant. It 
d be left for weeks together unused without destroy 


ing the zine, and was always ready for use. We sub- 





TINE DOUBLEPLUID CHROAIC ACE RATTREY. iy 
senuently ceased using it because it gave tmubie 
cleaning the cells and elements, which became encrusted, 
with crystals, and because the chlorine fumes from it 
corroded the metal-work in the workshop. 

Coincidently with oar use of this modification, 


there appeared an the market a new battery patented by 


Mr I, Dale, mained the " granale battery,” in which the 
Iunps of carbon employed by us were replaced by a 


plate of carbon packed with granules of carbo or small 
pebbles of this material, all other features being the same 
us in ony battery, “This fs now in use under the above 
ame, and that of the “pebble carbon” battery. The 
granule cell his a slightly: higher internal resistance than 
one in which i citele of carbon Iumps is employed, but 

behaviour is otherwise the sun 
bichomate of potash batteries, th 


all other 
is nearly 
two volts at first closing theeircuit, but son falls to 1°50 
volts, remaining fairly constant at this until the depo: 
Iavisingg solution fy exhausted, The cetls are difficult to 
clean and keep in working order, because of crystals uf 
me chromic salt farming among the granules of 
cearhon, and on the bottom af the porous cel 
56. THE DounteFLun Crone Acts Bats 
riny,—If a solution of chromic acid is used in the 
porous cells of a Bunsen battery, instead of a solution 
of bichromate of potash, the battery then becomes a 
double-uid chromic acid battery, A solution recom: 
inended by Mr. S. , Hottone for this purpose is com, 
posed of commercial chromic acid 1 Ib, chlorate of 
potash 2 02, sulphuric acid, 7.02, water quart, The 
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on of chlorate of potash improves the depolacising 
qualities of the chromic acid, and thus renders the 
tant. Gist culls are proferable to 
those of stoneware or any other ware when ehromie acid 
used, a5 this Its a powerful corusive action on the 
cells and fittings. ‘Thure are no noxious fumes arising 
from its use, ant an absence of troublesome erystals in 
the cells. 

§ 57. THE SMEE BarreRy:—This battery, invented 
by Mr. Alfied Since, is a good type of he singleluid 
ries of bativrioe It ie compased of tu oe mare cells 
madeand fitted ws shown at Fiz, 74, and connected 

uch cell may 


pect perigee git 


shape or size determined 
« plate of 

platinised silver Guile 

tween two pilates of wine 

iastlatesl from each other 

andl suspended in the ex 

citing, Liquid from a eross- 

har of wood, the ends of 

which rest on the sides of 

the cell, as shown in th 

0 The phates uf si 

rnvst be amalgamated with 

mercury, and are sccured to the wood support by a 


brass chun ‘The solution is one of dilute sulpharie 
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the proportion et one measure of acid to 
fifteen measures of water. The clamp on the 
zine plates of one cell is connected by a copper wire 
with the clamp on the silver foil in the next cell, and so 
fox through all the series of cells which form the battery, 
This battery has been much used in working sivall 
medical coils, but &€ cannot be said to be a very powerful 

M. P, of its elements i only 

halfa volt,a readily polarises on a closed € 
it does not give a current of constant strenuth, It has 
the merit of working cleanly and giving little trouble 
to mount or dismount its elements, the crossbar with 
its depending plates being lifted out of the solution 

when the battery is not required 

$58. Tax Wanker Barrexy.—IL a phate of pl 


tinised carbon be substituted lor the foil, and ie 


battery, a 


suspended from the crass-bar between two plates of zin 
the Smee cell ix converted into a Walker cell, the inven: 
tion of Mr, Walker, a telegraph superintendent of the 
South ilway. “The Walker cell is slightly 
stiperior to the Smee in having a higher 12, M.F, and 
a lower internal ¢ 

struction, Ald 


c, and also costing less in cone 
ells may be of any shape oF 
ino, the halfpint eapacity, rectangular shape, is gene. 
rally employed! ia a battery for a small medical coil 

$50, The Sinc.e-FLuw Bicnwoatere Baty 

a plate of plain carbon ig used in the Walker cell 
instead of a plate of platinised carbon, and the cell is 
Jharged with a solution of bichromate of potash instead 
of dilute sulphuric acid, it fs known ay the bichromate 





ry 
\alawmpocriny cares, 


cell, [tis found to be more economical to reverse the 
position of the elements sand enclose a zine phite be- 
tween tira carbon phites, as then both of the sine 
plate are rendered effectiv current, 
and both sides are equall 
potash has a tendency: tocry 
and creep the plates and connections, 
should be or casy removal of the plate 
cleansing purposes, a Svisable tw have the 
plate reversible, s0 we the emus and 
wear both end ‘ “ made to 
support the plate in Fig. ga.the vine plate 
can always be easily slipped in of the central 

jen the brass clamp on the carhon plates bias been 

ed, 

uid cells sent out by Mr, K, Schall 

with his portable medical coils, the clamps areat the 
cons of levers ringed tothe sides of the battery: bes. 
The edges of the plates ae connecteal by: these 
clamps instent of the es, and their deptlt of 
immersion can be easily re of the plates 
withdrawn at any time without disturbing the connec 
tions of the others, This is a reat convenienes, both 
for cleaning the elements and also for rey 
volume of current from the battery 


this type is de 
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in the Janse Uva . 1 CH 

Faraday Works, Leicester, am in the sceom 
panying illustration, Fig. 73. ‘This battery és really one 
of the double-ftuid type, but ean be worked as a sins 

fluid battery by removing the poroats cells. Tt will be 
con from the ilustration that the Gaur carbons are east 
in a conncetingg hae of lead, and the zine element is a 
massive wedge-shaped piece of vine povided with 
projecting enp near the top to hold some mercury. for 
the purpese of keeping the plate well amalyamated, 
it may be noted heve that the zine putes in bickromat 
of potash solutions arc local action 
and consequent slestriction when tery Bt Tis 
vse, They must therefine be well samtalgumated with 
meteury and kept in this condition by: Frequent renewals 
ff the mercurial cout ‘They must also be lifted out of 
the solution when not in actual use The solutions 
eiployed in a single-lluid bichrornate cell may be either 
of the following 


No. t. Bichromate Setntidy.—Vinely per 3 02. ot 
bichromate 


potash ant disulve it in 1 pint of boi 
water contained ina glued earthenwiaw of a stoneware 
vessel, Allow this te coal, them ald in a fine stream), 
Urop by drop whilst stirring with a gliss rod, 3 Muid 
punces of sulphuric acid, ie. oil of vitriol. “Chis solution 
must be allowed to get quite colt! before being placed 
in the battery cell, or it will violently attack the zine 
No.2. Chromie Aci Sslutton—Jad 3 02, of chromic 
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1 to 1 pint of luke-warm rain water and stir with a 

until all the erystals hare been dissolved. 

Then add gradually, as before, 3 fluid ounces of sul- 
phurie acl 
cold before using it in the batiery cells, 

No. 3. Chromic Add Solution—Veepare a dilute 


solution of silphuric acid in the proportion of one 


This solution must also be allowed to g: 


incasure of the acid to 12 measties of water, then add 
five onces by weight of chromic acid to each quart of 


dilute seid, stirrings all together until the chromic acid 


crystals are all dissolved, Allow this solution to. coo! 
fore placing it in the battery cells or it will waste the 
ine plate 

The Single-FTuid Bichromate Hattery’ has undergone 
several alterations and niodifcations in the hands of 
inventive users, ‘These modifications consist mostly in 
arrangements of the elements for easily lifting them out 
of the solution, oF shape of the various parts to meet 
the requirements of portable mettical cuits and of 
cabinet coils, Among many others might be mentioned 
Dr, Spamer’s and Pr, Stochrer's batteries, specially 
arranged for compactness; Reiniger’s battery, in which 
the connections are made by fust sokdeting them 
together ; Voltolini’s battery, in which the zines are cast 
with mercury to obviate the aecessity of amalgamation; 
in which the elements are 
arranged for easy removal from the cells by lifting the 
wer of the bo: 
Pogyendorf battery is also a bichromate battery. All 
of these may be worked with a chromic acid solution, 


and Gaiffe's plunge batt 


which the battery is placed, “The 
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§@ Tue Borne ticuxomare, Barteky—~This 
is merely a handy form of a single uid bichromate cell, 
made in the form of a bottle, as shown at Fig. 75. A 
over of polished hard wood fs fitted to 3 collar of brass 
tihich fits the neck of the bottle like a sleeve or lke the 
cover of a canister, Two earbon plates, lng enough 
toneirly reach the bottom of the battle, i secured to 
the cover by two bindiny serews, the 
tangs of which pass down into Texd 
Iheads east on the carbons, Tetween 
these le heals is fis socket or 
rod mae to side sciy fn the socket 
One em of this rod} 
Fine plate hall th 
plates, an theater 
Fania hed of ase 


antl of the carbon 
wwd terminates in 
The socket 
wh 1 slides is conaected by. 
A strip of brass ty one of the cormectin 
pillars on the cover, whilst the oth 
pillar is attached toa 
panning the bindings sevews of the 
Whew the battery 
is not at work, the xine plate may be 
lifted out of the solution by pull 


rip of braxe 
two carbon plates 


i up the sliding rod 


fof brass, care being alway 


taken in charging the cell to 
have the solution just one 4 in, below the lower end 
of the 2ine when thus drawn up. 

At Vig. 77 is shown a more powerful form of the 
simne exll, which comsists 


a ylass jar, like a confece 
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tionery jar fitted with a hard wood cover from which is 
suspended’ three carbon plates and two zine plates in 
the spaces between the earbons. The sliding rods and 
the connvetions are similar to those in the other form of 
cell, The space between the surfaces of carbon and 
zine need never exceed 4 an inch, The zincs must be 
well amalgamated, and this must be frequently renewed. 
Any single-Muid bichromate orchromic 
acid solution may be used in these 
hotties or jars. The E. M. F, of each 
nay be pat dawn at 2 volts, and the 
intemal resistance as from 0: 
chim Any number of these cells may 
be connected to form a battery. 
Single-flaid bichromate of potash 
and chromic acid evlls have the 
xlvantage of being easily set up and 
charged, and giving a powerful eurrent 

fan dhe eirouit ix fist closed. Mut Q 
they soon polarise, and consequently 
the force of the eurrent diminishes ® 
after the cireait has been closed for a 
few minutes, and this is specially noticeable whew the 
resistance of the circuit is Inw, Chromic acid is superior 
to bichromate of potash as a depoluriser. ‘The cost 
s about 1s. per Ib 

§ 61, Tint Luctascnt Ravieky.—This battery, the 
invention of M. Georges Leclanché, consists of a glass 
cell of special shape (resembling a wide-mouthed bottle 
with square sides, as shown at Fig, 81) enclosing « cell 



























































m InpverioN corrs, 


of porous earthenware fitted with a carbo rod packed 
with a mixture of equal parts of binoxide of manganese 
and earbon broken to the size 


of peas and sifted free 








from dust, ‘The caibon real has a lead head cast on it, 
enclosing a binding screw far connection, as shown a 
Fig. 78. The top of the cell is sealed! with pitch, aml 
the carbon head paintes! with Mnaewiek black, A vod 
of sine (Figg. 70) with a copper wire east init for eon 
nection, forms the positive clenent in the outer cel, 





hich ta charged with a. nal olution «fsa 
ammoniac in rain water. ‘Thee depulariser i this cell is 
th: binoxide’or peroxide of mauzaniese, and the exeiter 
ie the sal-ammoniae solution. ‘The E, M. F. obtained 


fram zine and carbon under these conditions ant in this 
solution, may be put at about 1°50 volts, 
resistance of the cells varies very muuch witl 





The internal 
h 





originally 
aging electric bells, has undergone several 


from O99 up to 10 ohm This battery 


intended for 
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THE AGGLOMERSTR LechaNcled BATTERS 
















modifications in the hands of its inventor_and 








manufacturers and users, ‘The use of manganese per- 
sxide as a depolariser, and sal-ammoniac as an exciter, 
ables makers to construct batteries which may be 
ppt in working order seady for use for months or years 





without waste of zine oF corrosion of connectio. 





They are thus specially suitable fo the work of actuating 
anedical evils 
§ 62, Tae 


This modifi 


AcGrommnare: Liceascul Barter. 
tion of the Leclancho cell, by the inventor 





himself, consis! rate block 





in the se of agylow 


nang r,eurbon, aud other substances, instead 











of porous cells, The Mocks are formed under reat 
Treat and prose by a patent process. A reclaneular 
Diuek is placed on each side of the usual eubon 





clement and secured fn clase gontact with it by tuber 
his arrangement has been 
‘A very useful modification 


bands, as shown at Fig. 8. 
modified by several arakers, 








INDLCTION cots, 
in compressing the aye iifsture: fate 


form of a cylinder 6 in, in length by 3 in, in 
diameter with a projecting lug of carbon, capped with 
ead and fitted with a binding screw in the usual manner, 
Another modification is shown at Fig. 82. 


carbon is fluted a 


‘The central 
\d a round block of the agglomerate 


material Is fitted into each of the grooves, all being 
bound together with rubber bands, ‘The advant 
obtained by the use of these a considerable 
reduetion of the internal resistance of the cell ( 
stated to be o'50 ohm for the ordinary shape and 020 
for the Au 


shape) and a consequent larger volume of 
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‘current obtainable from the cell, This advantage over 
the old form of Leclanché cell renders it useful for 
working th 
of moderate size, 
§ 63, Mopiricartons oF THE LEcLANcHi BATT! 

he invention of M. Leclanché has received a good. 
deal of deserved attention from battery 
users, and a hirge number of modifications 
have consequently been introduced, These 
may here be briefly mentioned, + 
Reversed Lectanché.— Yn this cell the 


position of the elements i reversed, th 


igor sizes of medical coils and spar coils 


Fine rod being placed in the porous cell, 
this being packed in the outer cell with 
© of man 


Hy this means a lower 


the usual carbon and perox 
gganese inistare 

intemal resistance ts secured and the 
negative clement is increased, 2. The 
Applegorth Carrygsrted Corban Colt Uhis 
toslification, invented and patented by 
Mr. K. Applegarth, but now the property 
of D. Judson & Sons, consists in the use 
of acarbon cell, corrugated inside, as the 
negative element, At the bottom of the 
cell is a layer of manganese peroside 
The zine vod is suspended in the cell hem 
a stoneware cover, which ineulates it from 
the won, Both the round and square 
formsof this cell are shown at Figs, $5 and ¢ 


84, There is no porous cell required, and it may be 





eunicdry. by packing the sine ext with, enttons : 
SEE ET ee eunctiarctetiene 7c], Geet HATGOiS: Tiel 3 Ce, Leen see ee 
. peor maa Wa Mr ll ICU A AUR i Cac 
jwetible medical culls. 3. The (ite ame Be 

Testin-Leclanché. Gell—He. H 
iE, Austin described in Work, 


ipplied a praicnt Hnswlated ute eet! for 
the Lcclanché battery, as shown at Fig. 86, ‘The odg 


of this cell is in the form of a shallow teugh, whieh 

kept filled with oil and thus prevents the troublesom 
exostnose or creeping aver of the sal-ammoniae salts 
5, Leiter's Ruitery.—This is a closed cell 


en a made of 
bone in eeetangiar forty, 1 .0%0. by 11 in, by § 
‘h oylinler or eas of ehontte oF uta ica perforated 


fA zine plate is enveloped 
in several folds of white blotting 
raper sul placed in the centre 
i t placed in the ean | with longitudinal sits holds the xine element, ‘The 
of a tone jar OM 6h | semainda of ths cll packed with lamps of manganese 
SH A : fore and limps of carhon in contact with a earbon plate. 


is placed two earbot 
at ner The cell is charyed 


with the usual sal-ammoniae solu 
tion. There have been also several other modifications 
of the Laclanché cell by Tyer, Marcus, Binder, Lister, 
Guiffe, Clark S& Muiehcad, and other users of batteries, 

§ 6}. REMARKS ON THE Lechancié 


is packed with the usual enthaa 
and manganese misture. 4 ates 
Lercons's Ceutrat Hine Hattery Kurs 


LAP rHRWS.—In the construction of this series of bat 
In thisform, shows in section ory, the best results are obtained with a large negative 
clement in close contact with the depolariser, which is, 
in this cell, peroxide of manganese, As peroxide of 
manganese is an inferior conductor of the current, and 
the grains of this ore are of irregular form, presenting 
many snl angles inste 


she nal en mane | ac oman apt the vine af chen moe 
SOS a ceacreti ii in the packing mixture which are used to form a 
ie owen Ca ao ree conducting medium between the grains of manganese 


for contact, 


it is advisable to use large grains and sife these free 


| 
| 
| 


1 Ons Meat 
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ore, ‘The solution of sal-nmmoniae should be concen. 
trated, because in this form it offers less resistance to 
the curtent, 
of river or spring water, so as to prevent the introduction 
of lime. It is not necessary to‘amalgamate the tine 
rods, but they work better and last longer when they 
are amale owls cut from best 


It should be made with rain water instead 


ated with mercury. 
rolled sheet-zine, or strips of this material, work better 

ant give better 
taken to thoroughly 
ach other above solu- 


than rods of esst gine, last longer, 
results, Care must 
insulate the two elements from 
tion line, as the smallest leak circuit soon 
exhausts the manganese of it arising, propertic 

Cells of this class may not be lelt on short circuit oF 


always b 


on a closed circuit fur any length of time, aor should 


they be worked on a circuit of less resistance than the 
internal resistance of the battery ‘The battery keeps 
in working order longest when the ells are kept in a 
cool damp place, 

§ 65. Div 
series of batteries are 


Barrenses—Although the Leckwichd 
ss troublesome to keep in order 
nd the 


than those of the ack! typ tio of sit 


od 


furniture when spilled, there alway's remains the danger 


of making a mess with the spillal Kquid, even when 
the cells it is impossible to have them 
airtight and water-tight, as a vent must be provided 
for ases formed by the dec 

solutios 


apposition of the 
ways be Kept rught 
side up, and must be examined to sce that they contain 


Hence the cells must 
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solution before connecting thei to a ecil, These ine 


ences attending their use with portable medical 
coils, has led to a uesire for a battery that will not spill 


its liquid when capsized, or the cells be broken by 
accident 


This desire has been gratified by the inven« 
tion of several forms of so-called dry batteries, that is, 

in which a paste supersedes the use of a liquid as 
an excitant 


In the older forms of dry batteries, the 


ine clement was enveloped in several folds of blotting 


Paper inoistened with a solution of a deliquiseerst salt 
such as xine chloride, and separated from the 
element by the same material 


Following this, eame 
‘tion wool, peat mos: 


wast, and similar absorbent 
phution awe 
AM thy 


the damp material drie 


materials soaked in the exciting 
around the positive element 
resistance, which increases a 
and crystals of the exciting salt form inv th 
crevices of the absorbent. This drawback 
use OF pastes of a de 


led to th 


yuiteent character, some of which 


will be ney noticed 


Sertvanoe’s Diy Battery 
the en 


In the Scrivanow dry cell 
eal with puste 


pon phate fs cu vomposedl of a 


parts, sodiun 
silver chloride art, smustened 
with a solution of chloride 


of vine, ‘The yuaste i 
1 fohls of bt 
‘ne chloride and emnmon salt, and the 


vetth a solution « POESATE wile 


ine plate is laid on the blotting paper which servesas a 
porous partition between the two elements, Th 


whole 
bound tightly togeth 


and enclosed in an ebonite cell, 
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The Gasener Dry I 
of Dr, Gasser 





This battery, the invention 
is composeel of a zinc 
with an exciting and depularising paste surround 
The zinc canister forms the 
outer coutaining cell and positive eleme 

mer surface being exposed to the 





















‘dient of the paste which it 





This paste is 9 patented and secret preparati 
posed mainly of gypsum and oxide of xine, together 
with some chloride of zine and sal-amnioniae solution. 


or eyliniter forming 















Jys the me 












1 the canister, arnt the 





sles with a itunuini 





anister may be of 












thuse for medical 


of each cell has been stated as 4°50. we 


internal resistance of he lat 





1 cells is lower than 
of Ldlanchi cell 





polasise so quickly ag the Lelanehi 
{Vin any position, 
nding on endl oF Iyi 


The cells say: be 
il work equally 





alfectal by extremes af heat or cold, 


zine for a few hours, 1 





very suitable to po 
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medical ecils, hut cannot he recommencled for large colle 
Other manufacturing cectricians (as 
S. Coxeter & Son) also supply dry 
baiteries of their own make, some of 
which bear a strong resemblance to 
ner dry battery 

3. Siemens Brus, Ltd, are the 











Atny cells which Tuave beon highly com: 
ovendhed by Ney Seball, ‘The Helleses: 
Any cell has beet a use for several yeas, 
Fk thin “Obuele chy cell” is nol $0 
well Kin 

The hah 
Diy ti 
iis battery 


call of whe 





Bn when a Big yp biibs: fate te 
name nf x Perlect Dry 
MB af its 


is ailiut the sine ax 





that of the Gassner, bat the in 





termal resistance of each cell is 
rnieh Taser for exural sizes, andl 
the depokiising action more 
perfect, A 


cumenuenes, the 





eurvent abtainalsle from a battery 


Fi tn of the Obach cells is muichstranger 
The*Olach"Dnp Cok ghan thatol¥ained frm Leelanehé 


| or Gasser cells equal i 














sux the cutrent i 
















tt Inperion cotts, 


more constant, A buttery of three such cells of the 
larger size shiv in the sanexedd figane will work a 
coil giving an inet spunk, amd two such celis will work 
a medical, coil 

§ 66. Ciitomwe ov StiveK Bornean 1860 
Marie-Davy suggested the use of silver elloride asa 
depolariser. In INGN Mesers. Warren dle La Rue and 
Miller put this suggestion into practice by fusing some 


silver chloride around a silver wire and employing this 
as the negative clement opposed to unanalgamated 


zinc as a positive element in a solution of common salt, 
Subsequently the Warren ile Lut Rue chloride of silver 
battery appeared in the form of several small eylindrical 
cells, cach containing a strip of silver coated with fase 
silver chloride and a strip of anam; 
solution of sal-mmoniae. ‘The E, M. 
is 1°03 volts, 


mated gine in a 
of such a pair 


M. Gaiffe improved the form of this battery, and 
made it portable by enveloping the elements with filter 
paper soaked in a solution of sine elluride, anil en 

ing them in an cbonite case. Such batter wold 
with small medical coils ianjarted fiom the Continent, 
In 1880 the battery was still further improved, and in 
this form is described by M. Niaudet in his " Traite 
Elementaire dela Pile Electrique." In 1889 Mr. K. Schall 
of Wigmore Street, London, mate several important 
alterations ia the construction of this cell, by which he 


obtained a higser I, M. F. and a greater constancy of 
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current, In his improved form of cell, shown at Fig. 99, 
44 plate of silver, imbedded in fused silver chloride, is 
suspended from the tightly-fitting ebonite lid of a glass 
jar by a silver wire. From the same lid is suspended 
fan amalgamated tine rod guarded from contact with 
the silver plate by rubber washers. Evaporation and 


Ne. Stay Lone Si Cai Bo 


spilling of the solution is prevented by rubber washers 
around the connecting wires, where they pass through 

osition in the 
the lid, and the gases formed by decompositi the 
cell arc liberated by a small safety valve, ‘The F. M. F 
fof each pair is 17 volts and the internal resistance of 
teach cell is o°3 ohm, Mr. Schall claims for his batteries 





Iwoveriow cons, 


they are smaller, lighter, and more portible than 
any other battery of equal power 


There is no chemical 
action while the ci 


uit is interrupted. They 
left idle for many months without injury, becau 
fe no crystals formed, snd the 


ay he 
there 
onsequently keep 
have nat previ 


strength for years if the 
ously been exhausted by actual 1 


For this reasin 


dhey are always realy for use and rece very 
attention. ‘The calls are mate in vast ay foe 
1 in. square § in, in height! up 


in height, with a weight, when filled 


froin 
fim 44 02 up to 
‘The smalliy si, : 


Feurrent, and the lancer 
hours of current with one charge. 


will furnish, 
ine 20 ampere 
When the charge is 
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exhausted, it may be renewed and a new silver plate put 
fn the cell at a cost of 8d, for the smaller size up to 
2s. of, for the larger size, ‘The size No. 105, measuring 
1} in, squarexs in, in height, and w 
recommended for working medical coils, and the larger 
sives for electric cauteries and small electric lights. 
These last could also be used for working large coils. 
Fig. o1 shows its adaptation to a Dubois-Reymond 
medical coil 

§ 67. SULPHATE: OF MencURY BaTTHKtEs.—Small 


portable medical coils and batteries imported frum the 


Continent are frequently fitted with a small trough 
hattery of two cells, ‘These are generally of the Mariee 
Davy sulphate of mercury pattern, as shown in section 
at Fig.g2, The trough is made of ebonite divided in 
the centre by an ebonite partition to form two cells, 
The earbon ¢ in the left-hand cell ix connected to a 
platinum wire, which is attached to the contact piece w 
and conneets this element with the curved spring W. 
The space above the carbon plate Tis filled with a 
paste of bi-sulphate of mercury in water, and on this is, 
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laid the massive zine cover z, which forms the positive 
clement of the cell, ‘This cover rests on a prujeeting 
lug of ebonite on the left-hand side, and a spring of 
platinum P on the right-hand side, this same spring 
going through the ebonite partition to the carbon plate 
n the next cell, thus connecting the zine of one cell 
with the carbon of the next, In the nest cell a plati- 
mum support for the ne connects this at A with the 
curve spring. 3, which, together with the spring at the 
other end, forms the two teniniaals of the battery. Th 
cells are merely filled with water wp to the top of the 
ine covers. The sulphate of mercury performs the 
part of a depolariser, and as it (lecamposes into metal 
mercury and sulphuric acid when the battery circuit is 
closed, it furnishes an excitant for the zinc, and mercury 
to keep this element amalgamated, This is a very 
constant form of battery. The inain drawback to its 
neral wee lies in the well-known danger of employing 
a poisonous salt of mercury, and the high price of thi 
arlicle. ‘The clenients in this battery have an E. M. 4 
of 1°52 volts, and the resistance of each cell is from 
» Lob, 
The Sceauschic(f Battery is alsiyv sulphate of mercury 
battery, in which carbon and zine plates are immersed 
ane acitutated solution of mercury striphate, Inthe 
Letemer-Clark Battery, » layer of pie 


mercury for 
the negative element, and zine the positive clement, 
immersed in a solution of mercury sulphate over the 
negative clement 


Many other forms of primary battery cells might be 
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mentioned, belonging to the Dantell or Sulphate of 
Copper serics, but these are rarely if ever employed by 
the wiers of induetion coils, sinee, although they are 
excellent batteries where constant currents are required, 
they are troublesome to keep in order when only em- 
ployed intermittently as in working induction coils, 

§ 68. ACCUNULATOR Ok SECONDARY BaveTRIRMS.— 
Vhese powerful batteries are eminently suituble to the 
work of actuating induction coils of all classes, but 
their coustruction does not come well within the p 
vince of the coil maker—amateur or professional—since 
most, if at all the peoeesses by which the modern and 
best forms produced are covered by existing 
patents, In the ordinary form of accumulator cells, the 
chirent is generated by an exchange of oxygen between 
two pilates of lead, one of which iS coated with finely 
divided or spongy Ted, and the 


peroxide of lead, both formed by an electrolytic proc 


6 conted with a 
couitating a stnany: current of electricity, The plate 
ceated with spongy lead is the negative, aud the plate 
coated with lead peroxide is the positive element of the 
battery. ‘The relative position and condition of these 
plates are reversible by the same electrolytic process 
Cuployed in forming then, that ist say, when balance 
Of potential is restored int the exll by the sponey tead 
on the negative being converted into teal « J 
the higher aside on the pusitive plate being reduced, 
we can make the negative phite again ygive up the 
oxygen it has absorbed and transfer it hack to. the 


erstwhile positive plate, ‘This is named * char. ing " the 








iwpuction cores, 


nd is done by sending a strong current throug! 
id solution in the cell, {wom the negative to the 
positive plate, for several hours 


¥ The plates are prepared 
in the first place by yserfuratiny 


thickness with a number of sivall holes, so us to form a 


ieve-like grid, as shown at Fig. 03, and te: press into 


these holes with a woenlon spatula a paste mule up of 


lead oxide (itharge) and sulphuric acid, When the 
paste has become firm, the plates ate placed in cells 
made of glass, stoneware, ebonite or similar acid-proof 
material, and the cells are charged with a solutien 
of one part sulphuric acid in ten parts of water, cr 

ng, & dilute olution of sulphuric 


ga specific gravity: uf frum 1170 to F130, 





‘The pasted plates are then formed into negative and 

positive elements by the electrolytic process just de- 

scribed. Any number of plates (according to the 
of the cell) may be placed in one cell 
of bin, apart, but one half of the aumber 
positive and the other half negative, connected 


ternately to form one series of positive plates on one 


conluctor, oppoved to a series of negative plates con- 


nected to the opposite conductor, ‘The two elements 
\e coll have an E. M, F, of 2 volts when fully and 

freshly charged, the capacity of each cell being eal 
fated at the rate of 6 ampire hours for each square 
Fo jtive element in the cell, Tt will thus be 
seen that a suitable dynamo or similar powerful 
rator of electricity is needed in making accumulators, 
nd this must be tsed to re-charge the cells when they 
are eshaustet 

[Full information on making, charging, and working. 
accumulators will be fund in a book on Electric Light 
{nstallations, by Sir D. Salomons, published by Messrs, 
Whittaker & Co,, at 6 

{ 69, Lrrtaxope Barrens —This series of bat- 
teries was invented and patented by Mr. Pitagerald, 
and mide by Messrs Cathal, Peta & Radford 571 
Hatton Garden, E.C,, have for thelr negative clement 
Mates of a siibstancs mamest W0hande, “This be an 
bride of feat combined with some binding substuce 
fant compicssed by stitable machinery into plates 
ees cloveeained carbon plates in substance, 


but of a reddish brown colour. ‘The plates are very 
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friable, and will not benr being comected to brass 
lamps in the ordinary manner, they ans therefore sent 
fut with platinum foil connections clamped with ebonite 
collars and screws, When a cell is furnished with one 
to a snilar plate of aun 
gamated zine in the ordinary battery solution of dilute 
sulphusie acid, the I, M.1Fof each pair is 


cellshavinng a measurement uf 5.1347 have a capacity 


of these plates. opp 


of 4 aimpere hours, When the lithaivale plate fis become 


exhausted Gf its surplas egy gen, it may: be replace 
with another plate, or the cell may be recharged asa a 
curnulator by senting a stall volusne of event thr 
it froma primary battery ors small dynamo, Lith 
plates are also tse by’ the same firm in the manufacture 


of their well-known pocket aud pertable accumulators 


The cells of these are made of cbunite with aeil-proof 
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covers and stoppers, the pocket variety shown at Fig.o4 
being curved to fit the coat breast-pocket of the wearer. 
They are employed with small portable electric lights 
for surgical and other purposes, for which they are 
admirably suitable, and are equally useful for werking 
induction coils, 





CHAPTER VII 
REPAIR OF COLLS AND AVTTERNS 


§ 70. REPAIR OF BATTERIES —As the motive power 
for iruluection coils fs obtained! fre lvutiestes, the pwrsitiy 
ements of which are consmed to generate the elect 


urrent, these yintts of the 
frequent repair and renewal. 
will differ with each type of batte 
here summarised, 


parative will neal most 
repairs and renewals 
cenployed, and are 


wren and Grove Ratteries, ~The negative detwents 

arbon amd platinum He these Imttenes wnaye her 
siestructitie by ach pent plates 

ance beoleery, they eaumt fl 

¥ rexerviocably mented 


ut must be renewed. The hrass eanmoeting eb 


the carbons are liable te 


asian yy the nitsoris fame 
fumes attick the threads uf 
the screws ant dissolve them, ‘To prevent this, eles 

ter, washing aff all the yrven itt, 
hen dry in bo savielist, and off th 


the screws in warm 
: screws, of dip them 
hilst hot in melted paral, wipin, 
amg. If the corvosion has by 


senews, they 


lt 
1s allowed to 


Iwauld be sealed in very dilute sap 
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acid solution (1 part acid in 30 to 49 parts of water) 
lunth the corrosion has been loosened. No attempt 
should be made to looten corroded screws until they 
Have been thus soaked in dilute acid for an hour oF 
more, The whole clainp may be thus protected, care 
being taken to clear off the oil or paraifin from the 
inside of the damp where it has to come into contact 
with the carbon. These instructions apply to the bind: 
ing screws and terminals of all batteries, The zines 
rinist be taken out of the cells after each rnn, and brushed 
des fa the battery acid, then rinsed in water, If bare 
qvey spats appear on the plates or cylinders, they me 
ho we-analgtmated with mereury. When the nitric acid 
in the porous cells ceases to fame, and is clear or colour 
fess when poured out of the cells, it is no longer of any 
ase, and antist be thrown away, ‘The dilate sulphuric 
teid may DE used several tines if exre be taken to keep 
18 frce {com nitric asi 

Daihle-Flaid Bis 
The foregeing remarks apply Wy Wiese also, Whilst 


the depolarising, solition remains yellow, orate, oF a 


junate wed Chovinie sleid Cells — 


Tight reown, at ray Tae ane agg ci, Wout when it torn 
black yi of avo farther oe, stat most be Uva 
away. Hevery: prt oo this Inattery’ matiat bee well washed 
with water be Hing, it away’, snl thes otvers cells 
must be I ings full of water ii water 
Shull crystals formn in the cells, dissolve them in warn 
witer before attempting to move the sine or carbon 
embeded in ther, of the porous cotis may be broken 
fu the attempt. ‘These remarks apply equally 
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donble-fluid bichromate and ehvomic 
specially to the Fuller and th 


sen batteries and 
sgramufe exrbon forms of 
If lead heads are employed on the earluns, they 
should be frequently cleaned by: brushing 
water, aul re-painted with Brunswic 
Paratiin is 


hem in hot 
back when dry. 
protection ty metal when chrome acid is 
solution, Tf the lead head 
must be melted off, and 


tised in th become loose 
they thew fads east on the 
carbons. Keep all connections free of toucl with the 
chromic acid solution. 

Single-Pinid Chromic a 


Special 


id and Bi 

tention must be paid to 

of the zines in those batteries. ‘Th 
nal 


hinmate Batteries, 
he amalgamation 

may need re 
mating after each time of using them, until the 
zine gets well permeated with mercury 
should be reversed frequen! 
alike. 


The plates 
s0 as to wear both ends 
‘The lead heads on the carbon plates will need 
Frequent examination, for the chromic salts are very 
liable to erystallise out of the solu 
over the zines and carbon: 
all connections. Ths 


on and cresp up 
destroying in their course 
acid solution becomes. useless 
after it tunis dare brown, blick, or green, 


Little ‘neat be 


Sauce ned 
Walker Batteries 


respecting the 
repair of the 


The zine plates should le kept well 
amalgamated, and should be made to easily remove for 
reversal. If the acid is spilled on the woodwork: it will 
soon rot this, The woed supports should therefore be 
kept dry and well varnished, Torn foil must be renewed 
with new foil. Corrmdet screws shoulel 


be soaked for 


some hours in dilute sulphuric acid before attempti 
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move them. Lrelanché Ratteries—When the current 

fails through exhaustion of the charged porous cells, it 

does not repay labour and time expen: 
the old cell 

» get ¢ 

d again in 


od in clearing, 
out and recharyiny 

fore be broken 1 
may be a 


The cells may there- 
i the carbon plates, and these 
celle with a feech charge of 
manganete at If Leclanché eolls are placed 

\ short or leaky citeuit they soon become exhausted, 
1 of this bitd treatment bein, ably 

odour from the battery, small white excres 
cences on the zine rods and the porous ecl's, a deposit 
of these on the outer cells, and in bad cases an under- 
mining of the lead head on the carbon, the ammoni 
forming with the lead a white 
white lead of commerce, If this hue not gone on too 
tion of the cell, it 
all the old solu 


arbon, 
ona shi 
the si 


depheniar 

ripe ol cals and dine elt wet 

wad atl Al the white Tums have bees islved 

Fh the sine red with a st bros, to clear ff all 

Wave er tain oe i 

ally clean all connections afresh 

aay eive the cleaned head of ead afresh coat of Bruns: 
wk block, " 

cd hanrate Lelanehb Batteries These ae easly 

ee i new agglomerate lock instead of theo 

Sees lr be neceaary to we sow rubber bands. The 


ts call 


ainmaniae solution. 


and a fresh solution. 





soloton tn all Lecanché batteries showkd absays be 
Kept upto its original height by an occasional aldion 
never beaded to the slution. If it appears to be 
thro the old solution aay clean Ue esis al ey 
Giasmer nnd Other Dry Patter Wallis of th 
recnperatve type such av the Gasser ant oers of 
of a smal etic hell, rte 139 har wn ee 
through the cells from carbon te zine for al wat 10 hates 
et oe a cell yet a 
secs dvb bil Wc csc 
fi ou af seer beens RENN 4 Ae Ge, The 
mist be taken not tu oh 
other: ‘The Gassner ce 
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cover of oiled paper, and this should be left on the 


cells 
\ dry battery of compact form, the invention of Me. 
Conctersis in use by Messrs. Coxeter and Son, 4 and 
afton Street, Gower Street, London. Swvall cells 

ilar form contain narrow plates of zine and 


plates of carbon, the elem 

T paid of gelatine saturated with the depolarising 
pad exciting solutions. ‘The E:MLF. of ench pair is set 
Gown as 14 Volts, and the internal resistance of each 
call as ‘Gohas, “This compact and very portable 
battery is employed in working portable meclical coils, 
anid as a medical battery without the use of @ coil 
Tiwm 40 to Go sich cells are placed in a small box 
wnuler an ebonite plitfocm on which is mounted a set 
of switches so arranged as to of any sumber 
ef cells being threavn into circuit through a gal 
Yanometer, ani (nts the divect current given inanewssredd 
Wuses, oF the invluced enerent fom a small coil as 
Useil with a water rhenstit in citeuit 

rent from this battery’ may ely 

feate surgical work on the huinan 


1 Cells. process of working these 
cells, the chloride of silver on the silver wire or plate 


beenmes reduced to metallic silver, aben the call i# 


cachansted, ‘The silver plate inust then be taken out 


t sreserve any ponder 


silver), and the plate must then be coated with fresh: 
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fused silver chloride. ‘This substance is obtamed by 
dissolving silver in dilute nitric acid until the acid is 
saturated with metal, then adding a solution of commen 
salt to this as | ipitate ie thrown 
down, When this has been dong, pour off all the acid 
and pour water on the precipitate; allow this to settle, 
then pour off the water, Do this several times, and 
then wash the chloride 


as a white 


iver precipitate, finally 
draining off all the water and leaving a paste, ‘This (ry) 
chloride of silvor paste may be spreait on the plates and 
Fused on them in the flame of a spirit hus oF that of a 
Bunsen burner, or, if means are at hand for doing 
the paste may be fused in a percetiin vessel and the 

with the fuseal chloride by dippinge the 
ire or plates into it, Mr, K. Schall makes arrange 
ments with his customers for the return of exhatsted 
lates, and can exchange for new plates; this isa great 
venience to thers of eblude of silver cells, In the 
ohler forms of cells it is only necessary: to tale aff thy 
blotting paper or other wrcpings ham the elosment 

uth paste and wr Al 


per from these celle sh me saved and sold fie 


silver sweep ta recave 
the silver, The zines will eed occasional 
amalgainatiog ifaw{ of the zinne-mescury 
ution will ake need renew, tien 
inh then be cleaned Su/phore ill 
nocd a sitnitar treatment. Where a merenry taste 1 
Seow employed, the cell must be well washed with he 


water and the metllic mercy poured off, if any ts 
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found in the cell, ‘The paste must be renewed and 
care taken uot to handle this with the waked hands, ae 

it is yory poisonous 
§ pn Amatomearton yas, — Owing to the 
ine plates employed in 
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and move them alt i the 1 
this metal on thein with a map made of h 
ate ha eg vated with mercury in 
every part lift Hout of the acid rte Win clean wate 
anid brvsh off the superfine 

into a vowel, The 


1 of mercury, subbing 
Or Hanne 


When’ the sine 


reury with a stiff bash 
ist have 
sujet 

drained lf 
ved int a Doitele for future 


speciat attention, because theve are the par 
Wear ane tear, “The snperiiaons mereur 
from the zines should be p) 
Migine Sexews—Th 
veral parts of an electric circuit 
with brass appliances named binding screws, several 
patterns of which are shoyri in the armexed illustrations 
(Figs, 96—100) me by Messrs, Ki 
Mendham & Co. Wester Electrical Works, Bristol 
Referring to these 


Kindly: len 


0. 56 shows a form of binding 
crew for the nine element of a battery; $5. 

60 show forms of clamps fer the € 
battery ; 79, the pillar connection of a bichromate cell : 
51, 52,53 and 54 are useful connectors for loose wires 
or temporary substitutes for joints ; Nos. t to 11 show 
terminal scr sertion in hard 
wood 5 and 18 are more suitable for soft woods. 
Nos. 25 to 31 show ¢ 
for coils, Nos. 39, 40-and 44 show 1 


coil rluotomes, and Ne 


thon element of a 


's for coils, suitable for in 
¢ telegraph pattern of terminals 
for bell and 


48 shows a conta:t 


| 





38 and 4t show 


neatome complete, Nos 34% 35, 
ee t Nos, 42 and 49 


terminals suitable for galvanonteters 


show studs for switches of coils, and 71) the switeh acim. 


Ho, 96. 


rant hooks and other 


Nos 70, 75 and 76 show au highs. 


fastening for false bottoms of boxes, and galv: 


seen tbe shapes of the other figures explain them 











SOLDERID 


Ik r 
fa ved-hot bolt of euppe 


‘ble instructions for this 
Ne o 


heat given 
tool known by the 








alk 


By 


ated) witht 


be tinned and can then be te 








dxpucrion cons, 


sofi-rumcr metals with this tor oe 


united must be thores 
corrosion by means of 


the surlaces to be 
ly cleaned from grease and 


yrosca Thin athlon ey Ga ed WN 


fatale Mux. Soden 
can cally Wake 36 ows eldatng 
en ration, then dilute it te its b ik with 
rig empper and trey, the (eh ith a 


feather or chip of woed to the cleaned 
feathor or ei of the cleaned surface of th: 


uid by dissotvin 


ee ten a the pare spot 
The surface will at once take on tn rea 
uid, by promltig tho Tented tool on t 


pei 
hese 

: paral Saleem ney sl 
‘ine has to be suldered, the flux should i‘ 


muriatic acid only. Tf tian Hee 


employ this alone as a ux when sch best 


a ceil ring the wires of 


Lorin st 
sna elton Als soptysl to 
Mia felt sate We. walledafoewels ser & 

ra elves wil ee the fit a 


subsequent trouble. Paraffin wast has been em 


sd as a flux for copy 

Bored aa 1 copper, pewter, and lead, When 
laering fine wires, itis alvisable to heey al 

of molten solder at hand on a heated iron, and also a 


le pool 
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Jitle malted. resin, Clean the ends of the whes by 
ring them through» bit of emery cloth, twist the 
sind of the wires together to forty a joint, dip the juint 
rite resin and then in the molten solder. The lame 
ve eesiow-pipe may be used instead of a soldering toh 
T the workman is expert in the use of the blow: pips 
Only the softest and most easy-running solders ald 
be sed in soldering tinfoil and in snaking fine wire 
joints. 

874 
nay by soldered to the carbon plates of batteries i the 
ieee are Sit coated with copper. This may be 
Ser one in the sulphate of copper compartment of 
eniell cell. Suspend the carbort plate in the cone 
a nteated solution of copper, taxi connect Hts upper Pere 
faethe rine element in the porous cell of this battery 
‘The carbon may also be coppered in an eleetrotyning 
daletion by a separate battery. ‘The portion of carbon 
Fomersed in the sulphate of capper solution will become 


Gorreeine Cannon TtaTes—Connections 


coated with copper xé the zine dissolves in the porous 
sa When a sufficient coat of copper has been 
ce tained, soak the carbon in hot water to free it from 
copper salts, and dry it at once, The coat of <onims 
‘aay, be tinned and soldered in the usual mannery 
Gescribed in the preceding section 

T75, Rerane or Cows.—Cails are Viable to init 
on, Sartous eauses, A few of the most Hkely and 
prominent ensses may be stated here, together © ith the 
veexheds to be adopted in repairing the injuries 

creer af Insulation throrgle Damp—\t coils ase 


= 


ETE a 





x mxpveriow cous 
allowed to yet chimp, the init 

cond the spark ill 
the sparking properties ef the cotly ill 
ful, Ifa coil gives a diminished spank 
detach it from its base ant all connect 
it before fe, an then immerse it wholly 
molten paraffin, keeping it there ut a 


from forming on its surface 


from this cause, 
, Well warm 
it a bath of 
Dubbles cease 
The auplus paratin anay 
be seraped off when the eoil is eat i : 
it ¥5 cold, we wipeel off whist 
warm, and tibividlnfiobeee 

Loss of Insulation from Internal Sparking-—This ie 
a most injury, which can only. be elf 


Fepalred by unwinding the wire ai 


al anak 
rep makings up the ¢ 
A evmporany repair ot this injury. may 
fected by immersing the coil in mele pratt, a for 
repair of insulation theough damp. ‘The. 


The causes af this 
on of the necont 


ary wire, too much wine 
in 1 Of the cui 


defective partitions of the divin 
between the parting dises aud the prinary tube, deface 
tive primary bobbin and tule, defective instilatin 
tou shin oF faulty at the ents) 


parang the sevonile 
aay from the jwinsry, aunt ernploytient of a. baltery 
enrrent of excessive strength. “To these may be ade 
the injurios resulting fro lateral spmrking, across the 
tunis or over the dividing turlitions of a ew, and 
dental contact with the discharging tems or ends ef th 
secondary wire, When stich injuries as these uct, the 
coil maker will experience the benelit of insula 
wire with 


ig the 
paraffin, as the secondary wire must be all 
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unwound. If insulated with compositions and varnish. 
will be almost impossible to unwind the wire, and 
certainly impossible to get it off without irretrievably 
ruining the insulating covering, thus rendering the wire 
useless, If the coil has been insulated with paraffin, 
detach it from the base and all its connections, remove 
the outer coverings and padding, if any, remove the 
secondary binding screws by unsereving them and 
get out the ends of the accondary wires Mount the 
coil between a pair of standauels between centres, oF 6 
a spindle as an ordinary bobbin of wire, and well warm 
it all over belore attempting to unwind the wire, ‘The 
wire may be unwound by running it from the coil on 
bobbin mented in a lithe or ona coit winder, er on a 
spinning wheel, en the wine through a piece of stow 
canvas, held in the left hand, and turn stowly so ae to 
carefully: examine the insulation as the wire is being 
unwound. If the defect appeats in the covering of the 
wine, the dned spots inay be repaired with a threat 
of softsilk suaked in paratin wound around the defee 
jole wire should be run turoush 
is rewound, When the 


ecovering, Th 
melted paratin before tH 
secombiry has been remoned, examine the envering 00 
he primary: tube aud the joints of the dives for pinholes 
ne blacke specks densting spurk perforations, Remove 
the old inswlating material and substitute mew, taking 


the sume precantions as for a new coil in Inving the 


paper quite free front Bays and pinholes an! well soaked 


vith parain, 17 the till Hes in the joints of the ebonite 


pastitions, Gil them in with soft cotton soaked fn paraftin 
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IF the tube is too thin, thicken it with several folds of 


paratfined paper. If too thin at the ends, inerease the 


folds of paper at these parts, Whee all repairs have 
been done to the tube and pinmry, make up th 


coil 

anew, or wind it with new wire. It will be aulyisable,to 

alee sure of the insulation, to sale the coil in 
ralfin before fixing it ayn, 


Loose Conestions 


welled 


nictimes.a coil will fail to wet 
because the conncetions have shaken tose. This fn 
ay be discovereal by opening the fa 
or case containing the conver 

cerews under the eambact 


bottom of the 
rand examining 
ogg anh pillar an their 


nnections with the conden may need 


shtening: and salloring Car taken in 


estore he 
connections as at first. 1 have known amateurs to be 
much puzdted with these parts, and to reconnect the 
Wire so as to short-cirewit the primary, cut 


the cone 
denser and rheotome, or one of them, entirly out of 

Picveing of the Conds ner—TWi 
Iuappens fons bad insulation, 
of current. Sparks (ron the 


not amnirequently 
well ax fron an excess 
coil pierce the elective 
tainaffined paper and short-circuit the sheets of tinfoil 
Wf coil gives a diminished spark at the secondary 
terminals anil an increswed spark at the contact breaker, 
A. spare 


we may suspect injury to the condenser 
condenser should be at hand. The stispected 
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may enamine the old one for defects, unsoldering the 
connections and pulling the old condenser to pieces, 
sheet by shect, holding up each sheet to @ strong light 
and thus search for the holes in them, 

Burning of Contrct Pomnts,—When an excessive 
strong current is sent through the primary, or the con- 
denser becomes damaged, or the platinum contact tips 
and studs are toa small, they are liable to be burnt by 
the thick sparks passinys between them. ‘This buming 
of the contacts may result in a partial fusion of the 
parls and a consequent sticking together. If the con- 
tats are not batly burnt, but oaly worn to a thin point, 
they may be repaired by Bling the surfaces smwuth and 
true with « fine smooth file, so as to get two true broad 
surfaces in contact, and so lessen their resistance. Bu 
if the tips and studs are anuich burnt, they must 
removed by ansoldering or drilling, and new ones 
substituted, 

hvotem Wives—The very fine wires of the secondary 
coil are liable to be lnoken whilst repairing other parts 
Of the instrument. If the finish endl of a section gets 
Ipruken, the injury may be easily repaired by taking one 
turn of wire off the section amb using this to make a 
new comivction. A better metleul, however, is to solder 
the short end to a thicker wire and wind this once or 
twice around the coil before leading it off to the 
terminal serew, If the commencing end is broken, it 
must be sinilarly repaired by soldering a pice of 
thick to it and winding this once or twice around 


the call 1 strain on the finer wire, If the 


SEE 


Sa 
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end is broken beyonl 
until the broken end 


ch, the coil must be unwound 
is found, then reysaire 
it toa piece of thicker wire, 


incipal injuries likely to be sustaine 
by coils. Advice respecting the repair 2s 


by soldering 
These ate the 


fates 0 
the editor of such week ‘ 

sald) jane VOR a Ue 
English Mechame, ‘ 





CHAPTER VIE 
USEFUL, NOTES ON COILS. 


§ 7h Uses ov Corts —Iniluction coils have been 
and are employed far a mumber of useful purposes 
pact from those of furnishing instruction to the rising 
generation of amateur clectricians and young students: 
of science. * ‘Their use by the medical profession has 
been noticed in previous sections of this book. A full 
description of the use of the medical coil would be out 
of place ere. A list of books on this subject is pub 
fished in Mc, K. Schall's Price List of Flectro-Medical 
Apparatus. ‘The spark induction coil has been and is 
tused for lighting, gns jets in the halls of public institu 
tions, Wires led from the secondary terminals of a 
coil, convey the high tension current to any number of 
proups of gas jets, and the sparks pass from one 
Platinum point to another across the issuing jet of 50%, 
thus lighting it and others in the same group. A suite 
able switch near the eail directs the current to each 
group as required, ‘These gas lighters are supplied by 
fil manufacturing electricians and dealers in electrical 
sundries, ‘This coil has also been employed in exploding 

rvs experiments with Induction Coils, 46 descr and 
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fuses in Blasting operations, and for similar purposes, riven by Mr, F.C. Allsop in the English Bfechanie for 
tis also a powerful agent in the hands of the exweri- Sept, 18th and Oct. gth, a89r, It i also illustrated 


mental chemist for separating the component parts of and described in the “ Practical Telephone Handbook" 
complex substances by decompusition, Lesden jars published by Messrs, Whittaker & Co, price 5s 


way be charge by the etiren fon a eal th $77, Tie TRANSFORMEK.—The crowning we of 
following manner:—Conmect the secondary temminah Ccrsted's discovery is, however, its adaptation to the 

to apiair of dischargers (described and illustrated purposes of electric light manufacturers in the insta 
in § 25, p. 75) and bring the pints to a discharying ent known under the name of a " Transformer.” Iy 


SS 18) sol ber ie the use of this instrument it has been found possible to 
palr from one of th 


connect one of the 
; secondary terminals and eonnect 
rmiinal to the ower coating of the 


transmit currents of a startlingly hijgh potential toa 
reat distance from the generator, and to teusforn 
them into currents of a low potential suitable to the 
purpo.es of electric lighting. This has been done by 


len ji 
then connect the inner r i. 
charger. previcuily. dtnannnoseel fromthe corn 
terminal, ‘The path for the cure 


the jar or batt 
a matters. of jars by 


miley 
will qu fe that Mr Ferrami, who has hind a farge generating station 
way uf the dischargers erected at Deptford, where a current at a pressure ol 
that is to say, the battery of Leyden RC 1000 volts is generated, and conveyed through a 
ins leo ofthe dis : cts specially-construciesl main to secefving stations inthe 
ie dncharger ithe West-on a iwc the high telon corent 
ae alternately: « nite is transformed tea lower tension suitable for lighting, 
sites But ihe teansforwier is simply a very large induction coit 


alternate impulses of ie 
Hernate impulses of the current (these wh thao to pass threnggh the thin wire of many tarns, and 
opening the primary circuit and haveea bi ih ding sv induces 0 large volume of current at a lower 
than the others) ies into the jar “ potential in the coil of thicker wine with fewer tus 


iinpulses which hare the batter TABERE pe ne only the alternating currents from 


uleseent electric lamps in the surroundiny houses, 





The high tension current of small yeluime ix 


Small induction coils are etnployed in telephone the alternating class of dynamoe can be thus trans. 


systen together with microphones to intensify. the a ie ee ela lames 
sounds given out by these i 
trated 


etruments, A long an automatic rhestome,or make and break arrangement, 


ription of this use of the induction cuit ix to the transformer, since fuductive effects in the form of 
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a useful current ean only be obtained when the primary 
Gument is interrupted, ‘The heating effects of such an 
interruption in a current of a high potential would 
ntively destroy platinum contact pieces, and volatilize 
mercury, 50 that the ordinary fe and_break” 
rrangetents for indvetion coils are not admissible in 
the contruction of transformers, The manufacture 


hind repair of these instruments may be regarded as 
ain outeide the provinee of the amateur coll makery 
ant consequently beyond the scape of this work 

‘An interesting adaptation of the (ravsformer induc- 


tion eoil to medical and surgical purposes. has been 
mde hy Mr. K. Schall, and is illustrated in Fig, 101 
TA stexhe amcilical coil i so arranued as to send the 
Dantery current by means of suitable switches through 
the long enit of thin wire or the short coil of thick 
‘eine The induced enrrent can by this means be altered 
Will to yive the wsial shocking effects, (0 heat o 
cautery, or te light an electric tam 

$78 Tanne o Corres Wine Pronenties—The 
following table cf copper wire properties, compiled 
fhenn aeverat santees, will be found useful to coil makers. 
s v wives vary in quirity and consequent conduc 
Niner and the insilating coating on them varies i 
thickness, the figures here given ean only be taken as 
prnewimate, ‘The resistances were calentated at 65 
Hehe "The prices are these given fn the price tists of 
Hane awh sell wire in gmail queantities, and are only 
ad as a qwide to amateurs in calculating the 


apyvosimate wite Lor 
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INSULATING MATERIALS. 


§ 79. INSULATING MaxrataLs—OF the seve 
sulating materials employed in electrical industries, only 
few ave in use by coil makers, Parafin is the insulator 
oost in favour, since it can be male to permeate wood, 
Cloth, canvas, cotton, silk, and paper, and increase the 
fnwulating properties of these materials, Section 14 (D- 
38) has buen devoted to notice of this inaulator. For 
ay insulating, wire-coveringaille and cotton are the only 
materials employed, sill being preferred to cotton be 
cause its fibres He closer together when wosnd around 
‘oire, amd thus form a closer covering in a smaller space 
Than that obtained fron cotton. It is also an inferior 
Conductor to cotton. No better insulator for wire, from 
the coil-maker’s point cf view, can be had than sill w 
raked in paraffin, Wool is a good insulate, superior 
Teeotton, but its fibres are loose, and the consequent 
Covering too bulky to be of any practical service, Indiae 
Tibber as a covering for wire is untrustworthy, since it 
je liable to deterioration by age, the material being 
wvly oxidised and tendered friable by atmospheric 
Shunges,” It can also be rendered soft and wscless by 
centact with grease, off, and other animal substance 


Gattarpercha is Hable to a shinilar deterioration, the 


Fesinous result being mure fefable Uae that of india- 
Hubber, When india rubber is subjected to the proce 

of valeanisation—ie,, made into a paste whilst being 
rested with some sitipbur compound,a stronger material, 
hanwn as vuleanised rubber, is produced.” If the process 
jecartied to excess by heating the mixture toa higher 
Temperature, the rubber loses its softness and elasticity 





no INDUCTION COILS, 
and becomes a hard, black, brittle 
ebonite or vulcanite, 
the same material 


Hoth name ate synonymous for 
Gutta-percha can be similarly 
td and aint ent ses he 
allected by high temperatures ieee 
si i bone 


nade from 
may be made pliable and semi! 


Perature of about 1oo® C., or the rit ot gale 


viling point of water 


Jn this state it may: be m 


be retained when the material has coo Peel 


walemite tebe 
for coils. ‘This material may alyy he fa d : iF 

and handles of dischargers, and tur th 3 Mh : oi 
itself It can be cut with a saw tte Ch nia ied 
lke ebony’ or salar hard substance at ci eke 


anil will tale 
conrse screw thread fairly wll, ‘The screws for ebonit 


rave coarse: thiead 
instead of sharp corner Cy eal 


and loosen its hel on th 
slowly than uncured rte 


uid, however, 


same causes as the mncuned jai sale Ve anediant Bt 
ite inelating proper 

es ace iptv, but may ao 
paired by warming the mat : 


ing material, but its cost is hi Hardwood baked = 


lit wie 


CONDUCTORS AND NoN-CONDUCTORS, 


paraffin until all bubbles cease from forming on the 
surface of the wood, is also an excellent and cheap in 

silator, If the wood has been previously planed ond 
polished, the polish may be restored after the wood has 
been baked and paralined, 

Papieranachd well soked in paraffin is also a ged 
insulating material. Glass and porcelain have als been 
used, ard also polished slate and marble, These are all 
god insulators, but are substances not easily worked. 
Shellac and resin, asphalte and pitch, and similar mate- 
als, althongh bat conductors of electricity, are much 
too brittle for use in coitsmalings 

§ Ko. List oF Coxpuctons AND Now-Connuctors 
or Bawernicrry.—As these terms are misleading, there 
cing nn such thing a¥ a noa-condactor of electricity, 
the substances mentioned in the following list are 
lasiified ander the names of “rood conduetors” and 
“bad conduct Their positiv relative on the 
fist, but fyures are useless for comparison, the 
must be governed 


fay the bulls, sectional area, thickness, lenath, &e,, of the 


conductivity anil redstance of 
praterial ennplayedd as si conductor or jusaater. Taking 
inated pure silver as the anit of eonyarison in the 
allowing lst, the relative valve of the other copductors 
may be imately determined as bei natu 

that of th Where ne figures are ssiveny 
the relative values have tel been determined by any 
thority, o have not been sceurately measured. This 
fist has been er ied by permission from Mr, Bottone’s 
Joule an electri. bells, published by Messrs. Whittaler & 





Co, A few slight alterations have been made by 
permission of the author 


TARLE OF CONDUCTORS AND INSULATORS. 














CHAPTER 
Cons SPECINILY CossriuErey FoR Ramoaraptty 
Owing to Professor Rint ery af the possi 
bility ef obtaining pictures resembling photoueap hes 
certain hoilies even when encased in aulvtances which 


ave impervious to ordinsry fight, whew expesed to it 


visible X rays obtaiued by suessinge alermatinye enavent 
fof high voltage throxygh very high vacns, ancl 


altention 
has lately been directed to the produeti 


of induction 
cvils capable of giving from 3-in, to in, sparks. ‘The 
sudden anel great demsnd for such evils, has raised theie 
price considerably, consequently a few details as to the 
construction of @ coll, which can be mate at a moderate 
expense, and which answers Uhomuglily the reysireineants 
of the ease, will be getierally seceptable, to the! first 
place it wunst be noted, that, although it ie quite post 


ty oblain an impression of comparatively thin ubjee 


such ws coins, keys, &e,, froma a govl Crookes? vac 
tube, with a coil giving only a fin, spark, yet the 
exposure required is so long (half ay hour) as to render 
such a coll useless for a picture of the bones of the 
hand, the arm, of thicker parts of the In 
body. But a coll giving a 3-4n, spark in 
conjunction with a “Newton” or 


nan or other 
air, ased ia 
@ “Watson focus 





tube, will give good resuits in a few sveomls.  Awother 
pout to be vberved is, that Une elfect, dough dependent 
to a considerable extent on the E.N1% of the eurrent, 
which eaalles it to overcame the enormous resistance 
presented hy the high vaciwm of the tube, is also 
inttaenced by the eelume of erent yeussine. Hence, 
Lithough the eoit must be wound wil a sulficient qua 
tity of wire required to raise the potential to 130,000 
ills at heast, this must aol be too fine, otherwise: the 
resulting current will be too “wiredrmn" and too thin 
te produce the best result 

io produce a oil meeting the necesstry requirements, 
special attention must be directed (9 the Collowing 
points -— 

1. "The proportions znd mature of the inn gone 

The insulation between the irae core and the 

primary 

3. The number of anpére tums in the primary: wice, 
and the section of this wire ay compared with the 
amomit of earrent (iv ampites) tail it is destined to 

ty. 

1. The watnre and thickwess of the insulation hetween 
the primary anel svomudary wites 

‘The yrange af the scoondary wire j its Shouse 
covering and the sunount 49 be used, 

6, The mode af insulating the secondary coils from 
each other, and alsy the necessity of building up the 

‘The insulation to be employed between section 

and section, 
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8. The special form to be 
breaker, to ensure full mayiet 
before contact is broken ; a nust 


ven to the contace 

ition of the iran eon 
tal poi 

9. ‘The capacity of the conlenser to ob 


inthe longest 
sparks possible with a given battery 


‘The following specification 8 the one followed by Mr 


5. Botione, ie the production of his 3, spark eoils, and 


it may be relied upon as ving excellent results if & 


be taken to earry ont the instants fal fally 


SeRCINICATION Pore A 3.4NeH StaRie Cont, FOR 
Wiwrouy Ray Woe 


Core—A Wunille of New 18 BLAWG. ron wine 
carefully straightened out aint aunnvested, 13 in. ig, of in 


A circidie aw pwomill 
filling, up tightly a stout caedlvvued tube y in. Moy am 
1f in, internal diameter with the iron wires cut tu the 
proper lengthy, and then gradually poshingy the bnindh 

rings the brancle cut 
of the lub the bundle bein. tightly 1 
with Cin, wide sik Fil 
silk ¢ 


ane round spat 
seit isons fie the tube; the 
ering being then stitched at tnath ens to 

nels to prevent 
it from mwinding. “The entire bundle 


must thew be 
boited in hot melted praratlin was, entity 


uote bubives 
rise, when i€ ie removed from th 


on endl to drain and ¢ 

Iusnation hetiscen fron Bundle aut 
cieatly ensured by th 
EALE. of the current 


poralie, and reared up 


poraftined silk binding “Che 
itculating rand. the 


primary 
shold not exceed 12. vol 


sul with eave in 


on the primary, thete will be wo dary is 


1 of eakage att 
leakage at this 





inpuerioy corLs. oy 


point, As it is of the highest importance to keep the 
primary as close xs possible to the iron core, to ensure a 
powerful magnetic fiekl, it is mot advisable to thicken 
the insulative between core and primary 
Primary, about 64 yards of No. 14 double silk-covered 
sper wite™ laid on in Jour layers, beginning at one incl 
from the end of the iron bundle at the contact breaker 
cealtemity, and carrying the layers nearly to the end at 
the ther extremity. ‘The amount of wire required 
will weigh a fitle over 4th, The greatest care must 
be exercised in winding, this wire on, to get it to fie 
evenly, dosely, and tightly; and the last layer should 
particutuly receive attention, so thal it may present an 
even circular surface the commencing and 
terminating ends of the primary wire will be at the 
rakactbreaker el; anil care should be taken to tie 
thou dow with silky twist, (stele a manner Uaat bth 
may cone speuely Wy the Dower semidiameter of the 
feore, foe fature atttchment to the Rasebocirel 1 will 
the well ta leave 6 ivehes of the ends pyrotructing Cor this 
purposes; any excess cat aflerwanis be easily ent off 
When all is wound to satisfaction, the evied bundle is 
again jiamersedd in a bath of Hat melted pruratin we, 
all bubliing censes, andl gin reared wp ty drain 
he diameter of Une wonnd coil will maw be 
relies AS there will be abot 420 turns of ai 
In each layer, the fatal miumber of ampine twas come 
at at atout pila AS the current employed to work 








BA QUITS CONSTRICTED FOR RaDOGRARY. 


such a coil shewidl not rently 
exceed 12 ainpéres, the 


No, tg wire will be ample inv scetion ty earry tie and even 


‘more, without injurious heating. (See tale 
Insulation betwecr Primny and Secaudury.—This eon. 
sists im a tube of cbonite, 2 in, interial 

2 in, internal diameter, 
12 in, tong, 2h in. extemal diameter 


chased! with a Unread fit & in 


at p. a4) 


with ends 
al cach extremity, to. ft 
into sature plates of ebonite im 


square, i, 
thick, whieh form the heads, Nelle : 


the secondary coils have been we : 


the primary obbin are 


The scrondiny wire West adapted for this coil iy N 
ingle silk covered. It must he carehilly ean 


fe 
covered, sd ale 10 Weak down nmter the eon 
MEAL. of the seenaary current. Atvat fy wilt 
rai 


Inet fire until the hot wane cesses toe 


be vaken not to allow the pavalined paper to scorch, 
‘The secondary is built up in Sx sections, each separate 
from its neighlwur jad als from the heads) hy seven 
ebonite civenlar dives in. thiek, 4) in. diameter 
with centeal bole 2! inches diameter, wt, snore exactly 
to ft tiglely on the ebonite tube Which exeloses, the 
rimeary, AU § im at each extremity forthe 


square coilhenls, this leaves 14 jnches of clear tube 
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these section dises, so that there will be a sprce of 
185 inch between cach disc, These dises have a stall 
hole drilted alternately at the top (outside edge) and a 
the bottom (iuside elge, close to the core), to admit of 
the wire being wound) sibed at pp. 
The greatest cate musat be taken to wind evenly, without 
inks and lo tet frequently for continuity of wire 
Hach layer, a8 directed at py. 127, mnt be insilated 
fiom the one below by a turn of paratiined paper, and 
each Inver shoald diminish by at least one tum of wire 
at cither extremity. When 
een wound on, it shonld be Hberally bas 
poaraflin wx, 89 a8 to fill wp each division level with 
the section dives. The heads may now be screwed on, 
anil thee ferutinals (womnted ou senall ebouite pillar 
With tangy afived to the op edge of the opposite head 
The twvr extremities of the secmmulury wire aay: he 


passed throngh fine indiarabber tubes and fastened to 


the terminals, but before doing this, the outer covering, 


which consists of one turn of thin sheet ebouite 
sgauge, cut to fit exactly in the spuice between the heads, 
must he poet on, and Gstened, by lieing, with, strom, sill 
tovist, along the lower joint, ie, those edges which will 
ye wearer the huse-board, The hoes in the ebvnite, ty 
iuhuit tHe silk twist, as also the two above, which allow 
he indianabsher-eovered wite to pass out 
trout wane by piercing the ehanite sheet at the desired 
with a kuitlinencede made nearly red hot. This 
makes a clean, rowed hole, without any daiger of 
splitting the ebonite 








The Contact-breater presents some dillerenee to the 
inary form. En general smviee the thatiner 
ayving and its appurtenances ard 


fone Mustrated at Fig 


stead of the platinan speck 


altached to the upper extremity of the 


pring. unpasite 
the centre of the hammer, as therein shown, a second 
and rather more HesiMle syringe is attach ir 
upright spsing bearing the hammer, starting at abont 
its centre, and rising to the level of the hammer. ‘This 
second spring i slightly bowed outivards—that ist 
towards the contact pillar; and on this spring 


ss alfixedd 
2 stout platinum wire instead of the platinum speck 
shown in the figure, Ae the pation contacts 


Kable to become heated (sometin 


aMficionthy ty wel 
tor use pptinnin wire 

Tange section, say No. 1g BAV.G. and te strronie it 
with a considerble miss af gvod 


them together), it is. advisah 


ceonehuctingg metal 
‘To this end, a littl: cirentar boss uf silver, fin diameter 
and jin, thick, iF rivetted to the second spring, a hole is 
drilled through this to take the pkatiwun wire, which, 
fn its tam, is eivetted into the silver bons, and slightly 
sphyed over by hnwwncring with = clawfaced tt 
pared haminer. Or the comtactbreaker can hem 

as shown at Figeq7, p98. ‘The objoet seived by this 
cecond aqing, is t6 allow the main epringg to move 
what towards the iron core, hefore eoniact is nuken, 
‘This allows dhe core to acquite full magnetigm before 
the battery current is cut of 


The Condenser consists of tinfoil sheets 12 in, x asin (30 





ixpiterioN Cons. 


i interieavea 
to the Th), cnt into pieces 7 in, x § ina and tnt 
with poaallined paper; On. x 8 An, built up a described 
App. 6y nd 70. After being subjected to pressure, the 
Tondunser is peed between (wo sheets of ghass, 
Sin, © 6 in,,and bound together with tape, as shown at 
ig. 26, p72 The commutator used with this coil, is 
the Wheatstone type, as described aud ibwstrated at 
be 78, Fig 28 : 

hingh yond pietires of the bowes iu fwd, arms, and 


legs can be obtained by means of 2 3 ins spark eof 1 


requires a coil of higher powers tv get good anes of the 


eeu ker prt ofthe tly ith =o 
Haart especting these ei nl 
anton tthe ence of ngage fl 
arco ee boon Redngyy i ty 3d 


6 Ply 





ivDeX 


: 


| con 


INDEX, 
Neewar 
far eee Gens etn 


Aalaailbateses Staten 
ores Tae wive aie 
Nat wits 
Waly of baby A 


feria ie : es 


fe 4 i oeeeer ae 


Ani 
re ‘iM ated 


fons stant sary 














INDEX 





INDER. 
ai Ferrans se 
i Ha hectic, prin 











nt 
este faery yt AL 
ah tjds revert, 134 


Lats wth co 
Uneumnts 


MECITSEM Pidetin son | 
rieer eee 
tetoat aoe San 
tr Fascha pene 


inpey’ 


1 Wot 


Malte diesen 


@ cintensct by sath, 





INE 27 


ind a9 an in 


Prantectne cl 
Puaetain seam tnsttater, 22 
i inal cored, 

40 wt 


haven bce Grey 


Reni of Mason nd G 
f+ ot inslatony 29 
Repaing wiee 
Hetmtniee of Hea nou 255 of 
‘head ean 25 20 Dn 23 Go 





Ate ia, se of 02s ate 
Mevtkam & ‘Gals, 1057 
Scilla, 107; “Die” site | 
Rurrays gui, tof 


heuoaes, 9. special 73 De 
fuge spark cuit 95339 
hut cae 139 
Bite ts 198 


trict, 
liars 
feisannaniers, 113. Bihto 
Fite battery, on prs 
iver chloride Tullery. 1833 
{halal eal ural Transinme 
Schianschielf batter 
Seating vanish 
Scmary site, Yength al ite 
of cee ine gy wind 


ate, ub 
ive uli 30: of alls 395 af 

wince stm otpeinaey 327 
Sve asa insular, 338 








at INDEX. 


Sledecoll, 1305 heatowe fort 
Bion ideyunat' 190 
Seve ylenites 16, 1h 152 

Since cell roy req oy igh 


Bigs dior tv 
for, 75, anes 


repalr of, 


ie ma of a 

Stand for cil 

Stel coe, 18; Surface of battery, 
tes 


‘Strength of corre, re 
State tes 154 we 
SSH Wre-workery 45 


Tubleof con actors nua, 
oF capper wire proper, 


‘i dimensiones for sm 
Teteyhone sid esi, 314 
Tendon of curren ae scumary, 


traning 
| Translneiminys alternating into dle 


ist sted cos 
Uses of cals 113,31 


v. 


Yalue of insulating moter, 34 

Vettcal cummutatar, Ary we 

ery" spark etsy 124,139, 

inealed brea, 99 
‘4 

J vontne'deucren thnouga seas 


Vatnefable yurts of Large spt 





| watttieatice cou, 1 
| Ware's ad tery, aa 


Watee relator, 10453, Hewnta 
Wal ei sondelet, 104 
Whatabne bi 
Whe tht paar 99: RAAT 
(gor zea oh gz ts chy 435 
ene ot ah | 
22 ures, bie of 


von ts as instar, 9 


rato, tae taht AE 
a, Te japrarALS TO 


vetor, 99 


a 


Yeates inductive coll, 40 


z 


cae 





